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Although much has been published on the various species of Gastero-
philus infesting the horse, certain phases of their life histories remain 
obscure. In the present paper the authors present some additions to the 
knowledge of the biology of the American forms, some elaborations on 
data previously published on certain phases, some facts to correct obser-
vations and interpretations reported in other publications, keys for iden-
tification of adults, and keys and figures for identification of the second-
and third-instar larvae. 
Investigators who are now delving more minutely into the larval 
habits of the several species, veterinarians who wish to be more precise in 
the evaluation of certain treatments, student veterinarians and student 
entomologists, all may use to advantage a single article giving keys for 
identification of the adults and of the second and third instars of the four 
species with which our horses are likely to be infested. In the preparation 
of the figures here given (Plates I and II) , differentiation has been a main 
objective. 
SPECIES CONCERNED 
In the United States there are three well-established species of Gas-
terophilus. In the order of what appears to be their relative abundance in 
the Central States, these are G. nasalis L., the throat botfly; G. intestinalis 
DeGeer, the common botfly; and G. haemorrhoidalis L., the nose botfly. 
A fourth species, G. inermis Brauer, has been taken recently from a native 
horse, as reported by Knipling (8). This species may eventually become 
of great economic importance. 
Of our three principal species, the adults, the eggs, and the first and 
third instars have been rather fully described and figured in a number of 
publications. Descriptions of the second instars of Gasterophilus intesti-
nalis and G. haemorrhoidalis were given by Gedoelst (5). Dinulescu (2) 
described and figured the first instar of G. inermis. 
KEY FOR THE IDENTIFICATION OF ADULTS OF GASTEROPHILUS FOUND IN 
THE UNITED STATES 
(Adapted from Dove (4) and Dinulescu (2)) 
1. Wings hyaline, without cloudy patches. 
a. Anterior basal cell equal or nearly equal in length fo the dis-
coidal cell ............................................................ Gasterophilus nasalis L. 
b. Anterior basal cell markedly shorter than the discoidal cell 
.............................................................. Gasterophilus haemorrhoidalis L. 
[181] 
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2. Wings with cloudy patches near the center and apex. 
a. Third trochanter with prominent spur ........................................... . 
.......................................................... Gasterophilus intestinalis De Geer. 
b. Third trochanter without spur .......... Gasterophilus inermis Brauer. 
KEY FOR THE IDENTIFICATION OF THIBD-INSTAR LARVAE 
1. Spines arranged in two rows, those of the first row more developed 
than those of the second row ...................................................................... 2. 
Spines arranged in single row .................................. Gasterophilus nasalis. 
2. Spines tapering to a fine point; the band of spines on dorsum of seg-
ment 10 interrupted by at least half the width of the segment; seg-
ment 11 devoid of spines on dorsum... .... ... ...... ... ........ ... ....... ....... .. . .. . ... .. . .. 3. 
Spines blunt at tip; only one to two pairs of spines lacking on 
dorsal center of segment 10; dorsum of segment 11 generally with 
from 1 to 5 spines above the lateral line on either side ..................... . 
................................................................................ Gasterophilus intestinalis. 
3. Larva light reddish; ventral band of spines on segment 3 generally 
interrupted by a spineless area, but if not interrupted, the num-
ber of spines on venter never as numerous as on the venter of seg-
ment 4 .......................................................... Gasterophilus haemorrhoidalis. 
Larva light yellow; ventral band of spines on segment 3 not inter-
rupted, the number of spines on this segment approximately the 
same as on segment 4 .............................................. Gasterophilus inermis. 
KEY FOR THE IDENTIFICATION OF SECOND-INSTAR LARVAE 
1. Spines arranged in one band situated near the anterior margin of 
segments; the band made up of two to four irregular, closely ap-
proximated rows of alternating spines .................................................... 2. 
Spines arranged in two narrow, distinctly separated bands situ-
ated near the anterior margin of segments; the spines in the an-
terior band the larger and composed of two irregular, closely 
approximated rows of alternating spines; the more posterior band 
composed of two to three irregular, closely approximated rows of 
small spines .................................................................. Gasterophilus nasalis. 
2. Posterior spiracular slits (Pl. II, fig. 13) each with 18 to 22 trans-
verse bars . ....... .. .. ... .. .. .... ........ .. . ..... .. .... ....... ... ....... ........ .......... .... ... ... . ........ ... 3. 
Posterior spiracular slits with 12 to 13 transverse bars ................... . 
...................................................................................... Gasterophilus inermis1 • 
3. Dorsal spines on corresponding segments greater in number (on 
segment 9, for example, the number of spines ranging from 34 to 
48) ; band of spines on venter of segment 10 interrupted on median 
line .......................................................................... Gasterophilus intestinalis. 
Dorsal spines on corresponding segments fewer in number (on 
segment 9, for example, the number of spines ranging from 16 to 
1 This character, distinguishing Gasterophilus inermis from G. haemorrhoidalis and 
G. intestinalis, is based on the descriptions of G. inermis by Dinulescu (3). 
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33) ; band of spines on venter of segment 10 generally not inter-
rupted .......................................................... Gasterophilus haemorrhoidalis. 
The first-instar larvae of Gasterophilus nasalis, G. intestinalis, and G. 
haemorrhoidalis have been adequately described by Hadwen and Cam-
eron (6), Patton and Evans (10) and Dinulescu (2, 3). The author last 
mentioned also described and figured the first-instar larva of G. inermis 
(2). 
The eggs of Gasterophilus nasalis, G. intestinalis, and G. haemor-
rhoidalis have been figured and described by Dove ( 4), Hadwen and 
Cameron (6), Bishop and Dove (1), Patton and Evans (10), and Dinu-
lescu (3). Dinulescu has also figured and described the egg of G. inermis 
(2). 
GASTEROPHILUS NASALIS L. 
SEASONAL ACTIVITY 
In the vicinity of Ames, Iowa, maturing larvae of Gasterophilus 
nasalis begin to leave the host in the early part of May. The earliest drop-
ping recorded in 1933 was May 13 and in 1934 the earliest was May 12. 
Maturing larvae collected from slaughtered horses on August 26, 1933, 
pupated readily and emerged a few weeks later as adults. Adults were 
active as early as May 31 in 1934, and fresh eggs were found as early as 
June 7 in 1933. 
At Galesburg, Ill., oviposition occurred as early as June 7 in 1932. 
Adults become less active during the hotter part of the summer, but activ-
ity increases again in the fall, though not to the extent of that in June. 
At Ames, Iowa, in 1933, oviposition occurred as late as October 29, and in 
1934 as late as November 7. 
MATING AND OVIPOSITION 
This species seems reluctant to mate in captivity, only 2 pairs mating 
out of 40 pairs observed. They failed to mate while confined in a large 
screen cage with a horse. The writers have not observed this species to 
mate around horses in the open, as do Gasterophilus intestinalis and G. 
haemorrhoidalis, the males of both of which hover around the horses wait-
ing for the appearance of females. No male of G. nasalis has ever been 
taken by the writers in the open. 
The process of oviposition has been well described by Dove ( 4) . The 
writers have found as many as five eggs on one hair, although usually 
only one. An undisturbed fly deposited 20 eggs without leaving the horse, 
though usually the reaction of the horse causes the fly to desist after one 
strike, and usually several minutes elapse before there is another ap-
proach, presumably by the same female. Eggs were counted in 8 reared 
females, the totals ranging from 304 to 515 and the average being 465. 
Dove ( 4) counted 480 to 518; Dinulescu (3) counted 480 to 510. 
INCUBATION PERIOD AND HATCHING 
The minimum incubation period has been found to be considerably 
shorter than as published in previous literature. Eggs deposited on the 
host on June 7 hatched in 5 days -+- 2 to 17 hours. Eggs deposited on a 
horse on June 11 hatched in 4 days and 22 hours. In an incubator at 
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91 + 1° F. the incubation period was 4 days and 14 to 20 hours. Patton 
and Evans (10) gave the incubation period as 9 to 12 days. 
As is commonly known, the eggs of Gasterophilus nasalis are de-
posited on the hair investing the intermaxillary region from the chin to 
the pharynx, and, as has often been observed, the eggs hatch on the host 
apparently independent of external moisture and without any pressure or 
friction being applied by the host. The writers have found them to hatch 
at room temperature in covered, dry, paper pill boxes, as well as when 
placed on wire gauze exposed to natural and artificial light. At a favor-
able temperature, time for incubation appears to be the only needed 
factor. 
LARVAL MOVEMENTS AND DEVELOPMENT 
After emerging from the eggshells, the larvae of Gasterophilus nasalis 
are able to crawl readily on dry surfaces and are relatively resistant to 
desiccation. On the contrary, moisture seems essential to the welfare of 
both G. intestinalis and G. hemorrhoidalis immediately after they hatch, 
and indispensable to the hatching of the latter. Once hatched, the larvae 
of G. nasalis crawl and wriggle through the hair, close to the skin and al-
ways downward toward the lips, between which they make their way 
actively into the mouth. 
The method by which the larvae of this species reached the stomach of 
the host was a speculative subject until Wells (12) observed this habit of 
crawling downward to the mouth. Since then the writers have repeated 
the observation several times and have conducted experiments which 
demonstrate the habit more conclusively. In one instance 25 newly 
hatched larvae were placed among the hair under the jaws of a horse 
approximately 8 inches higher than the commissures of the lips. Twenty 
minutes later one larva entered the mouth. Of the 25 larvae, 9 were ob-
served to enter the mouth and 4 came within 1 to 2 inches of the mouth, 
then either fell to the ground or died among the hair. Generally the larvae 
proceed directly toward the mouth until they are approximately opposite 
the commissures of the lips, then change their course toward the lips. 
None were observed to change their downward course sooner. Observa-
tions were similar in several other tests made. A total of 20 larvae have 
been observed to enter the mouth. Of this number, 18 turned from their 
downward course when they had descended to a region approximately 
opposite the commissures of the lips and entered the lips near the com-
missures. The other 2 larvae continued their downward course and en-
tered the mouth at the fore part of the lips. 
That the response of these newly hatched larvae is geotropic is shown 
again by their action when placed among hair on another part of the horse. 
On the breast of the horse a margin around a rectangular patch about 4 
inches square was closely clipped. Larvae attempting to cross this closely-
clipped swath in the hair could be detected readily. Then 16 newly 
hatched larvae were placed with a fine brush among the hair in the center 
of the patch delineated by the clipped margin, and the marginal swaths 
were observed closely for migrating larvae. After 3 minutes the first larva 
began to cross the lower horizontal margin. Within 15 minutes 10 of the 16 
larvae had been seen crossing the same margin. No larvae were found 
crossing any other part of the clipped margin; hence their habit is evi-
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dently to crawl downward, and when the eggs have been placed along the 
jaw, this would bring them to the mouth of the horse. 
Dinulescu (3) has stated that the larvae of Gasterophilus nasalis, 
upon entering the mouth, burrow into the mucosa of the cheeks, where 
they remain during the first instar. The writers' experiments have yielded 
no information on the habit of this species in the mouth of the horse. Care-
ful examination of the buccal tissues of the horse made 1, 5, 6, 7, 8, 10, 11, 
12, 13, 17, 19, 24, 30, and 38 days after newly hatched larvae were deliber-
ately placed in the mouth did not reveal larvae in such tissues. In the 
duodenum, however, the larvae were recovered as second-instar larvae, 
in significant sizes. A horse, previously kept free from infestation, was 
deliberately infested with groups of newly hatched larvae, five times at 
weekly intervals for 5 weeks and was killed and examined on the 38th day 
after the first infestation. The second-instar larvae found in the duodenum, 
when grouped according to distinct differences in size, were apparently of 
three distinctly different ages, 24, 30, and 38 days, respectively, since these 
were the ages of the three older groups. The larvae next younger, but not 
found, were 17 days old. If it is a valid assumption that the larvae pass to 
the duodenum promptly after the first molt, then it may be concluded that 
the length of the first larval instar is between 17 and 24 days. The period 
was more closely defined when another horse, which had been kept free 
from natural infestation, was given a single lot of larvae in the mouth and 
killed 19 days later. Several small second-instar larvae were found in the 
duodenum, but no larvae were found in the tissues of the mouth. Thus 
the range of the developmental period of the first stage is narrowed to 17 
to 19 days. 
The durations of the second and third larval stadia have not been de-
termined. As to the total larval developmental period, the deduction is 
that it is approximately 11 months, the larvae passing from the host as 
early as May 12 and the flies ovipositing as early as May 31. 
Freshly dropped larvae of Gasterophilus nasalis are whitish in ap-
pearance and thus are easily distinguishable from those of the other com-
mon species, which are somewhat reddish. Moreover, larvae of G. nasalis 
are more sluggish, many being easily found in the manure several hours 
after dropping. In the pasture two were found to have pupated in the 
droppings. Larvae collected from the floor of the stable and placed on sand 
invariably gain cover beneath the surface. 
PUPATION 
The shortest prepupal period in the writers' records is 10.5 ± 1 hours. 
The average prepupal period during May and June at Ames, Iowa, was 18 
hours. The pale yellow color persists until pupation is apparent, then 
changes to light red, to dark red, and to almost black, successively. The 
case hardens as the color darkens. The anterior spiracles, which are hid-
den beneath the larval cuticle, are forced out during the onset of pupation, 
and for the first hour or two of pupation their appearance is the only sure 
evidence of pupation. 
The pupal periods at Ames, Iowa, based on exposures made from 
May 23 to June 19in1933, were found to range from a minimum of 16 days 
at room temperature to 20 and 21 days out of doors. At a constant tempera-
ture of 70° F. the period ranged from 32 to 36 days. Larvae taken from the 
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duodena of horses slaughtered on August 27 and 28 and placed, after 
pupating, an inch under soil out of doors, changed to adults 33 to 64 days 
after pupation began; whereas, pupae from larvae similarly obtained on 
September 11 and 12 failed to become adult. This seems a fairly depend-
able indication that larvae leaving the host later than August, at Ames, 
Iowa, are not likely to change to adults, nor, as in this instance, do the 
pupae survive the winter. 
At other localities, and by other investigators, the pupal periods have 
been found to be quite different. Dove ( 4) recorded 25 to 56 days in South 
Dakota, and Dinulescu (3) reported 20 to 24 days at a temperature of 22° 
to 25° C. (71.6°-77° F.). 
GASTEROPHll...US INTESTINALIS De Geer 
Gasterophilus intestinalis, probably because of its conspicuous adult 
activity as well as the glaring abundance of its eggs on the coats of horses, 
has been popularly regarded as our most abundant species. Within horses 
dissected in Illinois and Iowa, however, the writers have found the larvae 
less abundant than those of G. nasalis. 
SEASONAL ACTIVITY 
Adult activity with Gasterophilus intestinalis begins a little later than 
with G. nasalis. At Galesburg, Illinois, June 24, 1931, and June 20, 1932, 
were the earliest dates on which activity was found; at Ames, Iowa, June 
26 was the earliest in 1933. The activity, however, is occasional rather 
than common until August, when adult activity increases, and on through 
September, when, in Iowa and Illinois, the peak of activity occurs. The 
writers have found the flies active on the warmer days of October. They 
were active at Ames, Iowa, on October 5, 1933. Then came a period of 24 
days with no activity, during which the minimum temperatures reached 
the low point of 21° F. on the night of October 24. Following this, from 
October 29 to November 1, were 4 days when maximum temperatures 
ranged to about 70° F., and adults were active on all days except possibly 
the last. In 1934 the flies were active throughout most of October, but not 
abundant; and November 7 was the last date of activity noted. 
Adults have emerged from pupa cases when the air temperature was 
as low as 55° F. and were able to fly at 60° F., although they were not 
known to attempt oviposition at such a temperature. When the tempera-
ture dropped to 55° they were apparently unable to fly. On October 29, 
1933, five flies emerged from pupa cases 1 inch under soil, out of doors, 
after a pupal period of 61 days and after the air temperature had dropped 
to 21° F. on the night of October 24. In the writers' judgment, November 1 
can be taken as a date later than which, in latitudes similar to those of 
Ames, Iowa, adult activity of Gasterophilus intestinalis is negligible. 
MATING AND OVIPOSITION 
Mating by Gasterophilus intestinalis is generally begun during flight. 
The males hover about the forelegs of the horse, engage the females while 
in flight, then both fly a short distance and alight on the ground or on some 
object to complete copulation. They mate rather readily in captivity, hav-
ing done so in glass vials 1 inch in diameter, in fruit jars, in screen cages 
2 by 2 by 2.5 feet in size, and in a large screen cage occupied also by a 
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horse; they mate more readily, however, in the larger spaces where flight 
is possible. Unmated females in the large cage were not observed to at-
tempt oviposition, but were seen flying about the legs of the horse appar-
ently waiting for a mate. Only a few infertile eggs were deposited on the 
horse by such females. Females reared and mated in captivity oviposited 
readily on a horse confined in the large screened cage. Some females had 
mated and begun oviposition within an hour after emergence. 
Oviposition occurs while in flight. In no instance have the writers 
seen the fly alight on the horse. Usually the eggs are attached along the 
distal half of the hair, and several eggs are often found on one hair. The 
eggs are found most thickly deposited on the inside of the front leg between 
the knee and the hoof; but eggs have been found on all parts of the front 
legs. The outside of the forearm, the region back of the elbow, the flanks, 
and the mane often carry many eggs. It is not, however, until in September 
and October that many eggs are found in the last three places mentioned. 
One fly placed 301 eggs on a horse in 45 minutes; another fly placed 
905 in the course of 2 hours and 45 minutes, and when dissected was found 
to have exhausted her supply. To determine the total egg capacity, counts 
were made, by dissection, on reared gravid females. The totals ranged 
from 795 to 935, the average in 7 females being 861. Dove ( 4) records a 
minimum of 397 and a maximum of 770, his average in 5 being 541. 
Dinulescu (3) counted from 1,006 to 1,046. 
INCUBATION PERIOD 
Eggs deposited on a horse July 7 were ready to hatch on the 5th day. 
Freshly deposited eggs removed from the host and kept at a temperature 
of 91to93° F. were fully incubated 76 hours later. As would be expected, 
incubation is greatly delayed by cool weather. Some eggs deposited on 
October 5 had not fully incubated on the host on October 20. In another 
instance eggs were deposited on two horses on October 29 and 30, and 
some were clipped off at regular intervals. On November 30 only one egg 
that was apparently fully developed was found; on December 20 approxi-
mately 40 per cent were not completely incubated; on December 28, or 
59 to 60 days after oviposition, the last date of observation, 8 of 50 eggs 
examined were incompletely incubated. In another experiment eggs de-
posited on August 22 were clipped from the horse and placed in an electric 
refrigerator operating at 38° to 42° F. At intervals some were removed to 
room temperature and later found to be incubating. Finally, on Decem-
ber 5, after 105 days of such refrigeration, some of the eggs removed to 
room temperature achieved complete incubation, though the larvae were 
deformed and not very energetic. 
ENDURANCE OF THE LARVA WITHIN THE EGGSHELL 
When the larva of Gasterophilus intestinalis is fully developed within 
the eggshell, its first instinct is to gain entrance to the mouth of the horse. 
The opportunity is presented when the horse brings the lips into contact 
with the hairs on which the eggs are placed. 
How long the larva may live within the eggshell, waiting for the casual 
contact from the horse's lips, has been a matter of much interest and eco-
nomic significance. For, as is to be more fully shown, such larvae continue 
to invade the mouth of the horse in the fall of the year, long after the flies 
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have ceased to oviposit. A thorough riddance of bots in the stomach is 
only a temporary achievement unless these unhatched larvae still on the 
hair have been eliminated. 
It was found that larvae within the eggshells died sooner at room 
temperatures than did larvae kept in a cooler place. Fresh eggs deposited 
on August 22 were kept at room temperature for 2 weeks, thus permit-
ting complete incubation. Then approximately one-half of them were 
placed in a refrigerator operating at 38° to 42° F. Those remaining at room 
temperature were all dead within 60 to 79 days after deposition; of those 
under refrigeration, 2 per cent yielded living larvae 140 days after deposi-
tion. 
A few living larvae were found in eggs taken from a horse near Ames, 
Iowa, on February 9, 1934, 100 days after November 1, the latest probable 
date of deposition. 
In table 1 are presented data on the viability of eggs examined during 
the fall and winter periods of several years. It is shown that the percentage 
of living larvae continues high through October and November, and that 
the percentage is comparatively low after December ~2. 
TABLE 1. The number of viable eggs of Gasterophilus intestinalis on various dates 
during fall and winter, 1932 to 1934 
Number of Percentage of 
Date eggs Number of Number of eggs containing larvae 
collected horses eggs examined living larvae alive 
Oct. 21-23, 1933 12 3,137 1,535 48.9 
Nov. 1-6, 1933 13 2,395 990 41.3 
Nov. 21, 1933 4 492 165 33.5 
Nov. 21-26, 1934 20 2,775 722 26.0 
Nov. 26, 1932 5 1,126 312 27.7 
Dec. 22-29, 1932 17 1,700 107 6.3 
Jan. 2, 1933 13 1,300 54 4.2 
Jan. 5, 1934 4 750 53 7.1 
Jan. 17-18, 1933 22 2,200 86 3.9 
Feb. 9, 1934 5 840 2 0.24 
Feb. 15, 1933 10 950 0 0.0 
Feb. 23, 1934* 4 1,092 0 0.0 
* Columbia, Mo.; all others in the vicinity of Ames, Iowa. 
HABITS OF THE FIRST-INSTAR LARVA 
It has been well understood that the larvae of Gasterophilus intesti-
nalis gain entrance to the host by way of the mouth, and that the larvae 
leave the eggshell promptly when the horse's lips are applied to the hair 
carrying the eggs. It has been demonstrated that the principal stimulus 
which prompts the larvae to hatch is a sudden rise to favorable tempera-
ture (9). The warm lips of the horse provide this sudden rise in tempera-
ture, the pressure and friction of the lips seem to aid convection of the 
heat, and the moisture from the lips helps to extricate the issuing larva 
from the eggshell and delays the hazard of desiccation. 
Once inside the mouth the ·larvae soon burrow in the mucosa on the 
dorsal side of the anterior end of the tongue. This was shown by Dinulescu 
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(3), who used the guinea pig as a host. Wehr (11), using the horse as 
host, found that the larvae burrowed no deeper than the mucous mem-
brane, and that they were found mostly in the stratum germinativum. In 
the mucosa they were found to burrow slowly toward the posterior end 
of the tongue, always on the dorsal side, in a course about parallel to the 
right or left lateral margin. The sinuous lines of the lesions, easily seen, 
are seldom near the median line of the tongue, but usually nearer the 
lateral margins. Dinulescu (3) gave sketches to show the trends of the 
lesions, and showed that along the burrows are found small openings and 
that usually the larvae were found with the posterior stigmata at one of 
these holes. The writers have found that the younger larvae make several 
such holes per inch of tunnel, but that the older or larger larvae make only 
about one hole to approximately 1 inch of tunnel. 
To determine what percentage of the larvae hatching succeeded in 
establishing themselves in the mouth, approximately 905 eggs of Gastero-
philus intestinalis were deposited on a horse which had been kept free 
from eggs. Seven days later all the eggs were clipped from the horse, and 
205 were found to have hatched. On the following day the horse was 
killed and carefully examined, but only 14 larvae (6.8 per cent of those 
that hatched) were found in the tongue. 
By the time the larvae reach the base of the tongue they have in-
creased greatly in size and are near the first molt. Dinulescu (3) observed 
on some larvae the cuticulum of the second stage showing beneath the cuti-
culum of the first stage. Wehr (11) concluded that the maximum period 
in the tongue was 28 days. The writers consider that the probable mini-
mum period in the tongue of the horse is 24 days. A horse was killed 24 
days after 510 freshly hatched larvae had been placed in the mouth. 
Twenty-one first-instar larvae were found in the tongue, but none were 
found in the stomach. Apparently, then, the larvae occupy the tongue 
during a period of from 24 to 28 days. 
It has not been definitely determined just when the first molt takes 
place. Dinulescu (3) stated that the larvae molt immediately after they 
come out of the tunnels at the base of the tongue. It seems more likely that 
the larvae abandon the old skin as they emerge, leaving the exuvium 
within the tunnel. Only second-instar larvae have been found attached to 
the pharynx and sides of the epiglottis. No one has shown either that the 
larvae pause very long in the pharynx or epiglottis or that they invariably 
pause and attach in those places. 
Passing on to the stomach, then, as second-instar larvae, they do not 
undergo another molt until some time after 5 weeks. Necropsy was made 
on a horse 9 weeks after a group of newly hatched larvae had been placed 
in the mouth of the animal. Only second-instar larvae were found in the 
stomach. Deducting 4 weeks, as the maximum period established for the 
first instar, there remains the interval of 5 weeks during which the second 
molt had not occurred. 
SEASONAL OCCURRENCE OF LARVAE IN THE TONGUE OF THE HORSE 
Having discussed the incubation period, and the length of time the 
delitescent larvae of Gasterophilus intestinalis may remain in the tongue, 
the question now arises as to how late in the season eggs and larvae sur-
viving on the coat of the horse are a source of infestation after oviposition 
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has ceased and after fumigation of the stomach. To determine this, tongues 
of horses from Story County and adjacent counties in Iowa were obtained 
from a local rendering plant. At intervals during the months of Decem-
ber and January in the winters of 1932-33 and 1934-35 the tongues of such 
horses were taken to the laboratory and minutely examined. Knipling 
(7) has shown the results obtained the first winter, and his data are in-
cluded here in table 2, wherein is given a tabulation of the findings of the 
two seasons, which were in general similar. As the season advanced, the 
average number of larvae per tongue declined. After January 15 only a 
negligible number were found in the tongue. Since these had been in the 
tongue no longer than 28 days, it seems reasonable to conclude that very 
few larvae enter the host later than December 15. 
TABLE 2. Seasonal decline in number of Gasterophilua intestinalis in tongues of 
horses at Ames, Iowa 
Winter of 1932-33 Winter of 1933-34 
Number Range in Average Number Rangein Average 
Date of number of number of of number of number of 
tongues tongues larvae per larvae per tongues larvae per larvae per 
examined examined tongue tongue examined tongue tongue 
Dec. 1- 7 5 0-20 10.4 16 0-46 9.25 
8-14 8 5-63 26.0 17 0-22 4.76 
15-21 5 0- 8 4.6 1 4 4.0 
22-31 2 2- 5 3.5 15 0-20 3.27 
Jan. 1- 7 9 0-14 3.2 10 0-5 1.70 
8-14 9 0- 7 1.55 12 0-10 3.42 
15-21 9 0- 1 0.11 18 0-5 0.55 
22-27 .... .... .... ..... ... 16 0-1 0.13 
DESTRUCTION OF EGGS OF GASTEROPHILUS INTESTINALIS 
Gasterophilus intestinalis has been most active in depositing its eggs 
on the coat of the horse during August, September, and October. When 
fully developed within the eggshell these larvae, hereafter to be referred 
to as "latent" larvae, do not immediately emerge, but wait for the fortui-
tous contact of the horse's warm lips. Hence, by the first of November 
there is found on the coat of the horse the largest accumulation of eggs still 
unhatched, and at the same time a large procession of larvae burrowing in 
the tongue, but activity of the adults has practically ended. With an effi-
cient prophylactic measure against the remaining eggs, a veterinarian may 
administer stomach treatment after an interval of 28 days with the assur-
ance that the stomach will not receive immediate reinfestation from the 
coat and tongue. 
Because of the fact that eggs of Gasterophilus nasalis are not accumu-
lative, but have hatched independently and have passed to the stomach, 
no consideration need be given to their eggs. Eggs and buccal larvae of 
G. haemorrhoidalis are likewise not to be considered at this part of the 
season. 
TABLE 3. Effects of corncob oil on eggs of Gasterophilus intestinalis 
Unhatched eggs examined 
Date Date Eggs not fully incubated Latent larvae 
Type of Host eggs eggs Date Number 
oil no. treated clipped examined examined Number Percentage No. dead No. alive 
1 Nov. 24, 1933 Nov. 29, 1933 .................... 31 23 74.19 3 5 
2 " " " " " " Nov. 30, 1933 73 16 21.92 52 5 
Middle 3 Dec. 8, 1933 Dec. 11, 1933 Dec. 19, 1933 190 90 47.37 93 7 
fraction 4 " " " " " " " " " 56 2 3.57 35 19 
5 " " " " " " " " " 51 0 0.00 35 16 
6 " " " " " " " " " 186 74 39.78 110 2 
7 " " " " " " " " " 157 28 17.83 125 4 
Twice 8 Oct. 23, 1934 Oct. 24, 1934 Oct. 25, 1934 106 23 21.70 79 4 
distilled 9 " " " " " " Oct. 30, 1934 191 89 46.60 102 0 
I 1,041 345 33.14 634 62 
Percentage surviving 5.96 
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WARM-WATER METHOD 
The writers have published (9) their experiments on the aestruction 
of the egg:: of Gasterophilus intestinalis by applying warm water to the 
horse. The simplicity and efficacy of the method place it far ahead of any 
other method tried. To review briefly, it consists of sponging copiously the 
infested portions of the coat with water at 104° to 118° F. on a day when 
the air temperature is below 60° F. (15.6° C.). This treatment decoys the 
waiting larvae from the eggshell, after which they die from exposure with-
out gaining entrance to the mouth of the horse. Experience with the 
method indicates that by such procedure the elimination of about 95 per 
cent of such latent larvae may confidently be expected. 
CORNCOB OIL 
The latent larvae were found to be invulnerable to chemical treat-
ments tried on the coat of the horse with one exception. A tar oil distilled 
from the tars derived from the destructive distillation of cellulose waste is 
the most deadly substance, both to the fully developed, unhatched larva 
and to the eggs not completely incubated, that the writers have tried. 
Quantities of this oil were supplied by the Agricultural By-products Lab~ 
oratory of the Bureau of Chemistry and Soils, United States Department 
of Agriculture. Mr. P. Burke Jacobs, in charge, called attention to the oil, 
which apparently had shown some value as a repellant in connection with 
some preliminary experimental work. Mr. Jacobs stated that these com-
plex oils, derived from the distillation tars of various cellulosic materials, 
are essentially very similar. So far the oils have been a by-product. The 
oil used in the tests was an acid-free oil derived from the distillation tars 
of corncobs. 
To b~st the value of this corncob oil on eggs of Gasterophilus intesti-
nalis it was applied liberally with a cotton swab to the infested parts of the 
horse. The treated eggs were clipped from the horses 1, 3, and 5 days after 
treatment, then held at room temperature for from 1 to 8 days before 
final examination. Finally each egg was pricked open and the contents 
noted under a microscope. The results of these examinations are given 
in table 3. 
The eggs from hosts Nos. 3 to 7 were held, after clipping, at room tem-
perature for 7 days, a period found to be more than sufficient for comple-
tion of incubation. Hence it seems safe to conclude that none of the eggs 
found to be immature had survived the treatment, the only survivors 
being those in which the larvae were completely developed. Accordingly, 
the percentage of 5.96 considered as surviving is based on the total num-
ber of eggs examined and active larvae found. 
The corncob oil used has about the same viscosity as water, but is not 
soluble in water. In no way has it seemed injurious to the horses, but 
being oily and dark colored it gives the animal's coat an unpleasant ap-
pearance, especially when used on horses of lighter color. It also persists 
for several days and collects dust, and the pungent, tarry odor is exceed-
ingly difficult to remove from the hands and clothing of the operator, a 
consideration of importance to those handling fancy animals, and to 
farmers who are obliged to milk cows or handle dairy products. Where 
for any reason, however, the use of the oil may seem more expedient than 
the warm-water method, already described, it can be depended on to give 
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~ TABLE 4. Effects of phenol washes on unhatched larvae of GasterOPhilus intestinalis 
Number of 
Host unhatched Number of larvae Percentage 
Treatment No. 
eggs 
examined Dead Alive surviving 
Phenol 2 per cent 60 100 2 98 98 
17 100 4 96 96 
11 100 1 99 99 
78 100 0 100 100 
36 100 3 97 97 
45 100 3 97 97 
85 100 0 100 100 
28 100 0 100 100 
53 100 0 100 100 
35 100 2 98 98 
- -
- --
1,000 15 985 98.5 
Phenol 3 per cent 31 100 2 98 98 
38 100 0 100 100 
27 100 2 98 98 
67 100 5 95 95 
64 50 0 50 100 
-- - - --
450 9 441 98.0 
Phenol 4 per cent 68 100 15 85 85 
40 100 15 85 85 
22 100 10 90 90 
76 39 10 29 74.4 
41 100 9 91 91 
55 100 5 95 95 
- - - --
539 64 475 88.13 
Cresol (U.S.P.) 2 per cent 49 100 1 99 99 
7 100 2 98 98 
44 100 2 98 98 
34 100 1 99 99 
12 50 0 50 100 
-- - - --
450 6 444 98.67 
Cresol (U.S.P.) 3 per cent 70 100 1 99 99 
65 100 1 99 99 
39 100 1 99 99 
21 57 1 56 98.2 
- -
-
--
357 4 353 98.88 
satisfactory results. The oil is not yet available on the market, but a large 
potential supply exists in the by-products of the hardwood-distillation in-
dustry, and an evident demand would undoubtedly be met by the pro-
vision of adequate quantities of the oil of approximate standardization. 
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OTHER CHEMICALS 
In general, the writers have found that after complete development 
within the eggshell, the larva is remarkably invulnerable to nearly all 
medications tried that are known to be tolerated by the skin of the horse. 
In groups of 50, the eggs, and hairs to which they were attached, were 
immersed for 1 minute in a small amount of the solution in an evaporating 
dish; then they were lifted out of the solution with forceps and placed on 
towel paper saturated with the same solution. The saturated towel papers 
bearing the eggs were laid into small baskets of copper screen to provide 
full ventilation. The baskets containing the eggs were then placed in 
constant temperature at 30° C. (86° F.) where they remained until the 
fourth day. The operculum of each egg was then lifted and the contents of 
the eggs observed under the microscope. Eggs not containing active larvae 
were considered dead. Untreated eggs of both ages, for checks, were held 
at 30° C., and all of them contained active larvae on the same day the 
treated eggs were examined. 
Eggs fully incubated ( 4 to 7 days old) as well as eggs only slightly 
incubated (3 to 12 hours old) did not survive immersion in the laboratory 
for 1 minute in a 2 per cent aqueous solution of phenol, but when such a 
solution is applied to the coat of the horse, only the partly incubated eggs 
are vulnerable, as will be shown presently. Of eggs of the same aged 
groups immersed in a 2 per cent aqueous solution of liquor cresolis for the 
same length of time, 77.8 per cent of the well incubated eggs survived, but 
the immature embryos were all killed. Likewise, a 1 per cent solution of 
pyrethrum in kerosene-mineral oil was fatal only to the unincubated eggs. 
Of these 94 per cent were killed, while none of the well incubated eggs 
succumbed. 
That the latent larvae (larvae waiting within eggshell after incuba-
tion is complete) are largely invulnerable to phenol and cresol in concen-
trations tolerable to the skin of the horse seems supported further by the 
results of bathing the infested coats of 30 horses. (Table 4.) 
On September 18 representative samples of eggs were clipped from 10 
of the horses, and 97.95 per cent of the unhatched eggs contained active 
larvae. On September 19, 9 to 10 A. M., the 30 horses were washed on the 
infested parts with the solutions, applied liberally with a piece of cheese-
cloth and rubbed sufficiently to drench the skin. Twenty-four hours later 
liberal samples were opened under the microscope and the condition of 
the latent larvae noted. Eggs not fully incubated were disregarded, since 
the object of the test was to determine the effect on latent larvae. 
Constant movement of the vessels containing the solutions and the 
frequent agitation in immersing the cloth obviated the possibility that the 
solution was not uniform in concentration. It was found that 4 per cent 
phenol and 3 per cent cresol were very irritating to the skin of the hand. 
From the results of this test it may be concluded that phenol washes are 
not deadly to the latent larvae and therefore cannot be recommended as 
ovicides. 
GASTEROPHILUS HAEMORRHOIDALIS L. 
SEASONAL ACTIVITY OF ADULTS 
The earliest observance of the adults of Gasterophilus haemorrhoid-
alis at Ames, Iowa, in 1933 was on June 8; in 1934 they were active at Fort 
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Des Moines, Iowa, on June 1. Activity in the fall of the year at Ames has 
not been observed. Dove (4) recorded the adults active as late as October 
10 in South Dakota. At Ames, Iowa, larvae were observed to leave the 
host as early as May 7 in 1934, and as early as May 9 in 1935. Cavalrymen 
at Ames, Iowa, reported the larvae dropping on May 1 in 1933. 
MATING AND OVIPOSITION 
Gasterophilus haemorrhoidalis mated readily in captivity. It ovi-
posted readily on a horse confined in a screened corral, but not as readily 
as does G. intestinalis. Like G. intestinalis, the males linger in the vicinity 
of the host waiting for the appearance of the females. Males reared and 
released have been observed to linger around a horse for 6 hours. The 
male darts for the female while the latter is still in flight and the pair settle 
10 to 50 feet away from the horse, on the ground or some object, and com-
plete copulation, which takes from 5 to 10 minutes. Females were seen 
oviposting immediately after copulation. On one occasion 3 male and 2 
female laboratory-reared flies that were released were under observation 
for 3 hours, around a lone horse closely tethered, and during that period 20 
to 30 copulations were observed among that group of flies. 
The preoviposition period has been as short as 55 minutes. In this 
instance the female emerged at 8: 20 A. M., mated in captivity at 8: 40 
A. M., and deposited a fertile egg on the horse by 9: 15. In several instances 
ovipositions occurred within 2 hours after emergence. 
Dove (4) states that the black eggs are placed by the female on the 
short hairs fringing the lips of the horse. The pedicel of the egg is snugly 
attached to the base of a hair. Counts of the eggs placed by different 
females at different times on the lips of 3 horses, showed that 90 out of 112 
were on the upper lip. Most of them were found about 1 inch from the hair 
line of the lips, though some were found along the hair line. A few were 
three-fourths of an inch below the nostrils. 
Records made by the writers showed females carrying 51 to 208 eggs. 
Counts from 8 reared females yielded an average of 160.3 eggs. 
INCUBATION PERIOD 
The writers have found incubation to be complete in about 2 days, 
either on the host or when incubated artificially. Flies were permitted to 
deposit eggs on the lips of two horses tied within a screened cage. The 
horses had not been exposed previously and were found to carry no eggs. 
From 9 A. M. to 3 P. M., 15 eggs were deposited on the lips of the two 
horses on June 9. At 9 A. M., June 13, or 3 days and 21 + 3 hours after 
the deposition, only 3 eggs were found, and these had hatched. Again, on 
June 15, between 8: 20 A. M. and noon, two eggs were deposited on a horse. 
At 10: 30 on June 18, or 3 days + 1% hours later, these two eggs had 
hatched. A more valuable observation was made on June 18, when 17 
eggs were deposited on a horse between 1 P. M. and 7 P. M. Observation 
was made at 1 P. M., June 20, when the 8 eggs recovered were examined 
under the microscope. Four of the 8 had hatched and 4 contained fully 
formed and active larvae. Hence the incubation period may be as short 
as 45 + 3 hours. Eggs collected within 1.5 hours after deposition and kept 
in pill boxes at room temperature hatched when placed in water 46 
hours + 45 minutes after deposition. 
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FACTORS AFFECTING THE HATCHING OF GASTEROPHILUS HAEMORRHOIDALIS 
From observations and experiments it appears that after sufficient 
incubation, and with favorable temperature, the only other essential re-
quirement for hatching is moisture. 
Dove ( 4) stated that the eggs of Gasterophilus haemorrhoidalis hatch 
in the presence of moisture and friction. The present writers find that, in 
favorable temperature, moisture is the only essential stimulus. From a 
room temperature of 30° to 32° C. (86°-89°F.), fully incubated eggs, 
in duplicate lots of 5 each, were placed in water heated to 24°, 27°, 40°, and 
45° C. (75.2°, 80.6°, 104°, and 113° F.), respectively. The percentage of 
hatch was about the same at each temperature. Of the 10 in water at 24° C. 
all hatched except one. Friction is therefore not essential, and in the 
presence of free water, a change of temperature is not necessary to hatch-
ing. Next it was found that there was no hatching response to a rise in 
temperature in the absence of free water. Five eggs held for several hours 
in an air temperature of 4.5° to 7° C. (40.t° to 44.6° F.) were abruptly 
transferred to an air temperature of 45° C. (113° F.). None of the five 
hatched in the course of 4 minutes. These eggs were then placed in water 
at 35° C. (95° F.) and all hatched within 1 to 3 minutes. Another lot of 
5 eggs with the same initial exposure (4.5° to 7° C.) were quickly trans-
ferred to 50° C. (122° F.) air temperature. None hatched in 4 minutes. 
Next they were placed in water at 35° C., but none hatched. The eggs 
were opened and the larvae were dead, apparently killed by the exposure 
to 50° C. 
Only one egg among over a hundred eggs handled hatched in the ab-
sence of free water. Hadwen and Cameron (6), however, reported 8 
hatching among 14 in a dry vial. 
The egress of the larva of this species from the eggshell is relatively 
slow, 30 seconds being the minimum time recorded. Generally it requires 
2 to 3 minutes after moisture has been applied; rarely, 9 minutes has 
elapsed before the exit is complete. This response was slow compared to 
the rapid egress of Gasterophilus intestinalis from the egg. G. intestinalis 
bursts open the operculum as if by one thrust, whereas G. haemorrhoidalis 
lifts the cap by successive efforts, a little at a time. The former has to seize 
the brief opportunity to gain the horse's lips, whereas the latter, already 
on the lips, is at the point of penetration into the tissues of the host, as 
shall be shown presently. 
ENDURANCE OF THE LARVAE WITHIN THE EGGSHELL 
Eggs of Gasterophiltts haemorrhoidalis removed from the host im-
mediately after deposition and placed at room temperature hatch readily 
on the fourth day, but do not survive beyond the sixth day. Ten eggs de-
posited on June 22 were placed in a pill box at room temperature. On the 
fourth day 5 were placed in water and all yielded active larvae. On the 
fifth day the remaining 5 were placed in water. Three of these hatched; 
the other two contained dead larvae. The test was repeated using 32 eggs. 
Of 5 placed in water on the fourth day, all hatched. No observations were 
made on the fifth day. On the sixth day all of the remaining 27 eggs were 
placed in water, but none hatched. Then 10 were opened and found to 
contain dead larvae. 
I 
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It has been a general assumption that the newly hatched larvae of 
Gasterophilus haemorrhoidalis either crawled into the mouth or were 
swept into the mouth by food and water. The authors have found that the 
larvae penetrate the epidermis of the lips and migrate in this tissue into the 
mouth. Within the mouth they continued for a while, at least, their sub-
epithelial existence. Dinulescu (3) placed larvae of this species into the 
mouth of a guinea pig and found them to burrow into the mucous mem-
brane of the tongue, as do the larvae of G. intestinalis. The writers have 
not found them in the tongues of horses naturally infested, but the larvae 
first invade the skin of the lips where they emerge from the eggshell. On 
June 22, and again on June 26, groups of reared flies of this species were 
released near a tied horse to be used as experimental host. The flies re-
sponded by depositing about 80 eggs on the first date. The second group 
deposited an equal number on the second date. On June 30 the horse was 
killed and examined. The tongue, the insides of the cheeks, and both the 
inner and outer surfaces of the lips were carefully examined. Larvae were 
found only in the lips. Many were found burrowing in the skin of both the 
upper and the lower lip, most of them just inward from the hair line. 
Others were embedded under the hair near the hair line. The lips were 
then cleanly shaven. No larvae were found embedded among the follicles 
on the lower lip. Among the follicles on the upper lip two larvae were 
found emb'edded, both headed toward the mouth; one was three-fourths 
inch and the other, one and seven-eighths inches from the edge of the 
mucous membrane. There were a number of sinuous lesions extending to 
the mucous membrane. Allowing 2 days for incubation, the eggs presum-
ably hatched 6 and 2 days, respectively, before the postmortem. No doubt 
most of the larvae had reached the inside of the mouth in that period. 
The larvae were of two distinct sizes, presumably of the two· different ages. 
In order to observe the performance of a newly hatched larva two 
eggs were placed on the hairy portion of the lower lip, in position under 
the microscope, 4 hours after the death of the horse. Each egg was then 
moistened with a drop of water. In due time the larvae emerged from the 
eggshells and at once began to burrow at that place, and within a few 
minutes had disappeared beneath the epidermis. On another occasion 3 
larvae of this species, distinctly larger than those 6 days old, were found 
burrowing in the lips of a horse. None were found in other parts of the 
mouth. It seems a fair conclusion that the larvae remained in the lips 
more than 6 days, and their burrowing in the lips must cause great dis-
comfort to the horse. 
As has been commonly observed, the second-instar larvae are found 
in the stomach, where they undergo a molt and continue their existence 
for a time before migrating for reattachment in the rectum. In horses at 
Ames, Iowa, second-instar larvae were found in the stomach as late as 
March 1. Of 100 third-instar larvae of this species taken from horses in 
Illinois on May 21 and 22, 65 were from the stomach and duodenum and 
35 were from the rectum. It appears that the larvae do not migrate to the 
rectum before the middle of December. No larvae were found in the rec-
tums of 40 horses examined in Illinois on December 11, 1933, whereas, 12 
of the horses had an average of 3.4 larvae each in the stomach and duo-
denum; neither were any larvae found in the rectums of 13 horses ex-
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amined in Iowa in December. These findings are of practical significance, 
for they indicate that the larvae of this species are in the stomach and 
duodenum throughout the winter, where they are subject to fumigation 
by the usual treatment. 
PERPUPAL AND PUPAL PERIODS 
Some of the larvae of Gasterophilus haemorrhoidalis plucked from 
the anus of a horse have pupated within 7.5 hours. Many have pupated 
within 12 hours. The majority pupated within 24 hours. The pupal period 
at room temperature has been as short as 15 days. Generally it is 1 day 
shorter than that of G. nasalis and from 2 to 3 days shorter than that of 
G. intestinalis when all 3 species of pupae are in the same environment. 
COMPARATIVE ABUNDANCE OF GASTEROPHILUS SPP. WITHIN THE HOST 
It appears that in the Middle West Gasterophilus nasalis is the most 
abundant within the host, G. intestinalis is second, and G. haemorrhoidalis 
is third. From January to March, 1932, determinations of the bots were 
made from the stomach and duodena of 12 horses at Ames, Iowa. Of the 
2,767 bots, 1,593 were of G. nasalis, 1,147 were of G. intestinalis, and 27 
were of G. haemorrhoidalis. Twenty horses from Des Moines, Iowa, were 
examined similarly on June 22, 1933, and of 2,350 larvae taken 1,360 were 
of G. nasalis and 990 were of G. intestinalis. On June 22, 1933, 40 horses 
from Dakota, Montana, and Illinois were examined and found to yield 
8,815 larvae, of which 4,720 were of G. nasalis, 3,800 were of G. intestinalis, 
and 295 were of G. haemorrhoidal is. 
While most of the counts given in the foregoing paragraph were made 
after maturing larvae had begun to pass from the host, it should be re-
membered that Gasterophilus nasalis begins to pass earlier in the season 
than G. intestinalis. 
SPECIAL METHODS 
Methods were developed to facilitate the collection of eggs of Gastero-
philus nasalis and G. haemorrhoidalis. The contour of the region and the 
nervousness of the horse made it a difficult matter to clip a quantity of un-
hatched eggs of G. nasalis from under the jaw where the eggs are de-
posited. Moreover, it was essential to have eggs of known age. This prob-
lem was adequately solved by placing an egg trap along the jaw of the 
horse. The device consisted merely of a piece of horsehide of a dark color, 
tanned with the fur on. It was cut sufficiently large to cover the region of 
the jaw from the chin to the pharynx, and was laced securely to the straps 
of the halter, with the hair side out. Two halters with such strips were 
prepared for each horse, so that each day the infested halter could be re-
placed by the duplicate, and the one removed shorn of the eggs. Thus it 
was possible to secure each day eggs of limited age. 
Finding such hair so useful for obtaining eggs of Gasterophilus nasalis 
the writers sought to adapt the method for obtaining eggs of G. hemor-
rhoidalis, which are attached to the hair on the lips of the horse. A piece 
of horsehide was cut and stitched in the shape of a bag, hair out.side, large 
enough to place over the muzzle of the horse, holes being cut over each 
nostril to allow for breathing. Because of the dark color of the eggs of this 
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species, white hair made the eggs easier to find. It was found advisable 
also to clip the hair fairly short along the region of the lips, to simulate the 
short hair on the lips. The flies would deposit their eggs very readily on 
such hair, and the collection of the eggs of known age was greatly simpli-
fied. 
It was found that immature larvae of Gasterophilus haemorrhoidalis 
and of G. intestinalis collected from slaughtered horses can be successfully 
transplanted into a living horse. The larvae were packed in gelatin cap-
sules and passed into the esophagus with a balling gun. The larvae mature 
readily in the new host, as proved by the recovery later of marked larvae, 
apparently normally and fully developed. This proved to be a convenient 
way to obtain a large yield of larvae from one horse. G. nasalis, however, 
did not survive the transfer, as was indicated by the large number of dead 
larvae passing with the feces. 
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EXPLANATION OF PLATES 
PLATE I 
Fig. 1. Gasterophilus nasalis Linn. Lateral view of egg. x 72 
Fig. 2. Gasterophilus intestinalis DeGeer. Lat.era! view of egg. x 72 
Fig. 3. Gasterophilus haemorrhoidalis Fall. Lat.era! view of egg. x 72 
Fig. 4. Gasterophil'tLS inermis Brauer. Outline drawing. Lat.era! view of egg. After 
Dinulescu. 
Fig. 5. Gasterophilus nasalis. Newly hatched first instar larva. Ventral view. x 150 
Fig. 6. Gasterophilus intestinalis. Newly hatched first instar larva. Dorsal view. x 140 
Fig. 7. Gasterophilus haemorrhoidalis. Newly hatched first instar larva. Dorsal view. 
xl60 
Fig. 8. Gasterophilus inermis. First instar larva. Dorsal view. Approximately x 150. 
After Dinulescu. 
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PLATE II 
Fig. 9. Ga.sterophilus nasalis. 2nd instar larva. Dorsal view. x 14. 
Fig. 10. Gasterophilus intestinalis. 2nd instar larva. Dorsal view. x 14. 
Fig. 11. Gasterophilus Jiaemorrhoidalis. 2nd instar larva. Dorsal view. x 14. 
Fig. 12. Gasterophilus nasalis. Posterior Spiracles. 2nd instar larva. Approximately 
x65 
Fig. 13. Gasterophilus intestinalis. Posterior Spiracles. 2nd instar larva. Approxi-
mately x 65 
Fig. 14. Gasterophilus nasalis. 3rd instar larva. Dorsal view. x 7. 
Fig. 15. Gasterophilus intestinalis. 3rd instar larva. Dorsal view. x 7. 
Fig. 16. Gasterophilus haemorrhoidalis. 3rd instar larva. Dorsal view. x 7. 
Fig. 17. Gasterophilus inermis. 3rd instar larva. Dorsal view. x 7. 
'" 
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FRACTIONATION OF OAT HULL LIGNIN1 
WILBUR S. CLAUS AND RALPH M. HlxON 
From the Department of Chemistry, Iowa State College 
Accepted for publication October 1, 1937 
The preparation of ammonia lignin from oat hulls and the oxidation of 
this lignin with alkaline iodine solutions has been previously reported (1). 
This study has been continued in an attempt to fractionate, or purify, the 
iodo-carboxy-lignin and thus to eliminate the indefinite cannotation still 
necessary with the term lignin. 
The fractionation was first attempted by repeated methylation and 
saponification of the iodo-carboxy-lignin. The methoxyl content of the 
saponified product increased as the reaction was repeated, a result analo-
gous to the change reported for cornstalk lignin (2) . 
As a result of these observations, the original product prepared by 
Walde was investigated after storage for two years in a closed container. 
It was found that this methylated oxidized lignin (OCH3 = 22.2 per cent), 
which at the time of preparation went completely into solution in hot 10 
per cent sodium hydroxide to give Walde a soluble lignin with a methoxyl 
content of 17.4 per cent, would not go completely into solution under any 
set of circumstances2 • This observation would indicate that the change is 
not solely due to the action of the alkali. 
Similar changes have been observed in the ammonia lignin. Walde 
(1) reported that the freshly isolated ammonia lignin softened at 60° C. 
and that this characteristic property was lost after a few weeks. A par-
tial reversal of this decrease in solubility can be affected by refluxing in 
5 per cent sodium carbonate solution with the subsequent precipitation of 
the lignin from the carbonate solution (2). The available evidence is not 
sufficient to indicate whether these changes are structural or merely a 
change in the degree of molecular aggregation. The partial reversal of 
solubility by dilute carbonate solution and the fact that the changes take 
place upon storage in closed containers would favor the conclusion that 
these changes are primarily physical. 
EXPERIMENTAL PROCEDURE 
PREPARATION OF AMMONIA LIGNIN 
The ammonia lignin was prepared from oat hulls according to previ-
ously described procedure (1). The analysis of the isolated product 
differed less than 2 per cent from ammonia lignin used by Walde. 
PREPARATION OF THE OXIDIZED LIGNINS 
The iodo-carboxy-lignin obtained from the acid-hydrolyzed oat hulls 
(abbreviated I. C. L. No. I) and the oxidized lignin obtained from the 
' Supported in part by a grant from the Industrial Science Research funds of the 
Iowa State College for the study of lignin. 
2 This observation was substantiated by A. W. Walde. 
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ammonia lignin (1. C. L. No. II) were prepared according to the previous 
procedure (1) except that a 4 per cent sodium hydroxide solution was 
used instead of the previously reported 25 per cent sodium hydroxide 
solution. 
The I. C. L. No. I was slightly soluble in dioxane, ethyl alcohol, iso-
propyl alcohol; and partially soluble in methyl alcohol and acetone. The 
I. C. L. No. II was completely soluble in 10 per cent sodium hydroxide, 5 
per cent sodium carbonate, and 5 per cent sodium bicarbonate solutions; 
partially soluble in dioxane and acetone. 
FRACTIONATION AND ALKALINE OXIDATION OF THE AMMONIA LIGNIN 
The ammonia lignin was exhaustively extracted with acetone for 9 
hours in a Soxhlet until the extractant liquor was colorless. The acetone 
soluble fraction was then concentrated by vacuum distillation to one-half 
its original volume and allowed to evaporate to dryness. The gummy resi-
due was dissolved in ammonium hydroxide by slowly heating to 40°C. and 
then obtained as a light brown flocculent precipitate by the addition of 
concentrated hydrochloric acid until the solution was slightly acid to 
litmus. The lignin was filtered, redissolved, and reprecipitated in the 
above manner. On addition of the acid to the ammoniacal solution heated 
to higher temperatures, the lignin coalesced and became a heavy, black 
gummy mass. A 40 per cent yield of the acetone soluble fraction and a 
55 per cent yield of the acetone insoluble fraction were obtained. A com-
parison of the composition of the two fractions is shown in table 1. 
The alkaline iodide oxidation values were determined on the acetone 
soluble and the acetone insoluble fractions of the ammonia lignin using 
various conditions. The value found for the acetone soluble fraction was 
211-212 cc. N/ 10 iodine per gram of lignin quite independent of the con-
ditions. With the insoluble fraction, a preliminary period of heating the 
lignin with the caustic solution before adding the iodine caused an increase 
in the oxidation value from 184 cc. to 200 cc. 
The sodium hypobromite oxidation values on the ammonia lignin 
were obtained in a manner similar to the values obtained by the sodium 
hypoiodite procedure. The procedure was as follows: To a weighed 
lignin sample in a 250 cc. iodine flask was added 10 cc. of water followed 
by 25 cc. of 1 N sodium hydroxide; the mixture was shaken till the lignin 
was completely peptized. To the alkaline lignin solution was added 50 cc. of 
a sodium hypobromite solution which had been prepared according to 
the procedure of Kolthoff (3). After the drop-wise addition of the alka-
line hypobrmnite solution, the flask was stoppered and allowed to stand 
for 10 minutes. About two grams of potassium iodide was added to the 
solution followed by 25 cc. of 2 N sulfuric acid.. The liberated i.odine was 
immediately titrated with standard sodium thiosulfate using starch as an 
indicator. A blank was also run using the same procedure. The excess 
thiosulfate used in the lignin titration was subtracted from the value for 
the blank to give the thiosulfate used in oxidizing the weighed lignin 
sample. 
Oxidation of the acetone soluble fraction of the ammonia lignin with 
sodium hypobromite at room temperature gave a consistent oxidation 
value of 240 cc. N/10 bromine per gram of lignin. This figure was in close 
agreement with the value of 242 cc. on the non-fractionated ammonia 
FRACTIONATION OF OAT HULL LIGNIN 207 
lignin. The sodium hypobromite oxidation values on the acetone insoluble 
fraction of the ammonia lignin were somewhat lower, but gave a consistent 
oxidation value of 226 cc. N/10 bromine per gram of lignin. Preliminary 
heating at various temperatures followed by the sodium hypobromite 
oxidation in the described manner did not change the oxidation values. 
FRACTIONATION OF IODO-CARBOXY-LIGNIN 
An attempt was made to fractionate the oxidized lignin by means of 
acetone as described above for the ammonia lignin. The oxidized lignin 
condensed with the acetone to give about a 10 per cent increase in weight. 
The greater portion (90 per cent) of the product was insoluble in acetone. 
The reactivity of the compound with the oxidizing agents was decreased 
as a result of the condensation of the lignin with acetone. 
REPEATED OXIDATION OF IODO-CARBOXY-LIGNIN 
It has been recognized that the extent of oxidation of lignin varied 
with the concentration of the reactants and with the previous treat-
ment of the lignin. An effort was made to drive the reaction to com-
pletion by isolating the oxidized product and subjecting it to repeated 
oxidation. The quantity of oxidizing reagent used decreased from about 
154 cc. of N/10 iodine per gram lignin in the first re-oxidization to 44 cc. in 
the second re-oxidation and practically zero in the third repetition. Iodo-
form was the only product isolated other then the iodo-carboxy-lignin. 
The percentage of recovery was approximately 80 per cent of the starting 
material. A comparison of the compositions of the re-oxidized lignins is · 
shown in table 1. 
METHYLATION OF OXIDIZED LIGNINS 
Two methods of methylation were used upon the oxidized lignins. 
The procedure with diazomethane was to allow the sample to stand in an 
ether solution of diazomethane at room temperature for 18 hours. The 
solvent was decanted and the product washed twice with petroleum ether. 
The procedure with dimethyl sulfate was essentially that of Urban (4). 
All methylated products were dried in a vacuum oven over phosphorus 
pentoxide at elevated temperatures before analysis. Methylations were 
repeated until the methylated products showed no change in methoxyl 
content. Typical analytical results are shown in table 1. 
DISCUSSION OF RESULTS 
Wright and Hibbert (5) have pointed out the unreliability of methyl-
ating with dimethyl sulfate and caustic. Later Compton and Hibbert (6) 
substantiated this view and suggested as the best methylating conditions 
for avoiding structural changes: (a) the use of acetone as a solvent; (b) 
a slight excess of alkali (5-10 per cent); and (c) a temperature of 20° C. 
The authors state, however, that caution is necessary in drawing conclu-
sions regarding structure from methylating studies using dimethyl sul-
fate, and caustic. 
It is evident that acetone could not be used as a solvent in methylating 
the oxidized lignins since it condenses with them to give a 10 per cent in-
crease in weight. The method of Urban (4) had been previously used in 
this laboratory, since it seemed to be the mildest procedure using dimethyl 
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sulfate. Referring to table 1, it is apparent that this method of methyla-
tion gave the same total methoxyl content as methylation with diazo-
methane for the acetone insoluble fraction of ammonia lignin and for the 
re-oxidized fractions of the iodo-carboxy-lignin. Whether the differences 
in methoxyl content between the two methods for the other products are 
caused by the structural changes discussed by Hibbert, or to inherent 
differences in the hydroxyl groupings of the parent products, must remain 
conjectural at the present time. It should be emphasized that as the oxida-
tion reaction is driven to completion, the difference between the two 
methods of methylation disappears. 
Numerous analyses which are not tabulated tend to show that the 
more soluble fractions of lignin have lower methoxyl values than their 
less soluble analogs. If it is assumed that the methylation with dimethyl 
sulfate and caustic with the described precautions give products which 
are completely methylated, then it can also be shown that the more soluble 
fractions have higher hydroxyl values than their insoluble analogs. These 
results are in accord with the findings of Wright and Hibbert (5). 
TABLE 1. Comparison of the percentage composition of various lignin perparations 
and their methylated derivatives 
Methylated Methylated 
Percentage composition by diazo- by dimethyl 
Product of parent lignin methane sulfate 
c H OCH:. I OCH, I OCH, I I 
A Acetone soluble 
ammonia lignin 61.6 7.1 10.6 23.3 29.0 
B Acetone insoluble 
ammonia lignin 63.8 6.5 11.1 22.8 23.0 
c Iodo-carboxy-
lignin No. I 44.3 4.3 9.6 11.4 19.2 9.3 23.0 9.3 
D Re-oxidized C 48.7 4.7 8.5 14.8 19.8 11.6 20.6 11.0 
E Re-oxidized D 47.5 3.9 7.5 15.7 20.4 14.3 21.9 13.8 
SUMMARY 
Ammonia lignin prepared from oat hulls can be separated into two 
fractions according to solubility in acetone. This solvent condenses with 
the iodo-carboxy-lignin. 
As the alkaline iodine oxidation is carried to completion, the structure 
of the lignin molecule is so modified that methylation with diazomethane 
and dimethyl sulfate give approximately the same methoxyl content. 
The acetone insoluble fraction of ammonia lignin methylates to the 
same extent with diazomethane as with dimethyl sulfate. 
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BIOLOGICAL ASSAY OF FEEDING STUFFS IN A BASAL RATION 
FOR COCCIDIUM-GROWTH-PROMOTING SUBSTANCE 
II. BARLEY, RYE, WHEAT BRAN, WHEAT FLOUR MIDDLINGS, SOY BEAN 
MEAL' 
ELERY R. BECKER AND RUSSEL C. DERBYSHIRE 
From the Department of Zoology and Entcmwlogy, Iowa State College 
Accepted for publication October 19, 1937 
In a recent paper the writers (1937) described a method for the bio-
logical assay of certain food materials for the hypothetical (that is, as yet 
unidentified) substance that promotes the development of Eimeria 
nieschulzi in the white rat. Since the plan of procedure and treatment of 
data were outlined in the previous paper, it is unnecessary to repeat them 
here. In the present report the W-value represents the ratio of the mean 
growth gain by the animals on the test diet to the same by the animals on 
the control or reference diet during the first 16 days the diets were fed. The 
F-value, as before, is the ratio of the mean oocyst counts for the animals on 
the test diet to the same for the animals on the reference or control diet. 
ASSAY OF WHOLE BARLEY 
Barley of the Velvet variety was obtained from a nearby farm and 
ground to a meal in a coffee mill. It was fed in the basal ration at the 30 
per cent level. Barley, according to Morrison's (1936) tables, contains 
about 11.8 per cent protein, is a good source of vitamins B and E, contains 
appreciable amounts of vitamin G, and from none to appreciable amounts 
of vitamin A. The data recorded in table 1 show that in one trial the rats 
grew better on the barley mixture than on the control ration and in the 
second trial not so well. The W-value of .92 would indicate that there was 
very little difference between the two series so far as growth was con-
cerned. The F-value of .98 would indicate the same for oocyst production. 
It appears then that barley has about the same coccidium-stimulating 
property as wheat-which, as stated in the previous report, gave an F-value 
of .92. 
ASSAY OF WHOLE RYE 
Rye of the Dakold variety was obtained from an Iowa farm and 
ground to a meal in a coffee mill. It also was fed in the basal ration at the 
30 per cent level. Morrison's tables show that rye contains 12.3 per cent 
protein, is a good source of vitamins B and E, and has appreciable amounts 
of vitamin G. 
Table 2 shows for rye a W-value of 1.5 and an F-value of 1.83. These 
are to be compared with a W-value of 1.63 and an F-value of .92 for whole 
wheat. The growth gains for rye and wheat were about the same, but 
1 These researches were supported by grants-in-aid from the American Academy 
of Arts and Sciences and from the Industrial Science Research Fund of Iowa State 
College. The grants were made for the study of host-parasite relationships in coc-
cidiosis. 
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rye furnished a far greater amount of coccidium-growth stimulant than 
wheat. 
ASSAY OF WHEAT BRAN 
Wheat bran was purchased from a local dealer. On account of its 
coarseness it was run repeatedly through a coffee mill with the burrs 
closely set in order to reduce it to a degree of fineness that would prevent 
selection by the rats. It was mixed in the basal ration at the 30 per cent 
level. The resulting mixture was quite bulky on account of the lightness of 
bran, but the rats ate it well. Morrison's tables show that wheat bran con-
tains about 15.8 per cent protein and appreciable amounts of vitamin G, 
and is a good source of vitamins B and E. 
As indicated in table 3, a W-value of 1. 73 and an F-value of 1.91 were 
obtained for wheat bran. These values are to be compared, respectively, 
with 1.63 and .92 for ground whole wheat. While the growths of the rats 
on the two diets were about the same, the bran mixture favored the 
elimination of about twice as many oocysts as the wheat. 
ASSAY OF WHEAT FLOUR MIDDLINGS 
The middlings were purchased from a local feed dealer, and mixed 
with the basal ration at the 30 per cent level. According to Morrison's 
tables, wheat middlings contain about 17.1 per cent protein, are an excel-
lent source of vitamins B and E, and contain appreciable amounts of 
vitamin G. 
Table 4 shows that a W-value of 1.72 and an F-value of 2.65 were ob-
tained. The variability in ratio of weight gains in the test series to the 
TABLE 1. Oocyst coo,nts and weight gains for rats on 4 per cent powdered yeast and 
30 per cent ground barley diets 
(1) (2) 
Reference series Test series Ratio (2): (1) 
Weight Weight 
Rat gain Oocysts gain Oocysts Weight Oocysts 
Trial number (gm.) 10• (gm.) 10' gains counts 
1 48 190 48 122 
2 54 290 44 169 
3 58 152 53 170 
1 4 46 99 61 248 
5 62 168 74 85 
6 42 172 38 109 
7 28 117 47 64 
Mean 48.29 169.71 52.14 138.14 1.08 .81 
8 61 125 21 240 
9 60 173 34 225 
2 10 32 221 36 194 
11 34 187 38 239 
12 59 177 43 180 
Mean 49.2 176.6 34.4 215.6 .70 1.22 
w I .92 I 
F I I .98 
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TABLE 2. Oocyst cou.nts and weight gains for rats on a 4 per cent powdered yeast and 
30 per cent grou.nd rye diets 
(1) (2) 
Reference series Test series Ratio (2): (1) 
Weight Weight 
Rat gain Oocysts gain Oocysts Weight Oocysts 
number (gm.) 10• (gm.) 10• gains counts 
1 41 150 65 271 
2 36 151 53 279 
3 37 139 69 206 
4 46 76 44 241 
5 25 117 61 162 
6 34 73 45 223 
7 35 127 41 338 
8 41 149 69 139 
9 38 78 55 217 
10 40 156 57 148 
Mean 37.3 121.6 55.9 222.4 1.5 1.83 
w 1.5 
F I 1.83 
TABLE 3. Oocyst cou.nts and weight gains for rats on 4 per cent powdered yeast and 
30 per cent wheat bran diets 
(1) (2) 
Reference series Test series Ratio (2): (1) 
Weight Weight 
Rat gain Oocysts gain Oocysts Weight OCicysts 
Trial number (gm.) 10• (gm.) 10• gains counts 
1 46 37 80 295 
2 26 20 77 43 
3 31 40 64 26 
4 28 41 59 29 
1 5 35 24 42 45 
6 20 77 51 37 
7 10 55 74 68 
8 53 30 51 164 
9 51 116 75 28 
Mean 33.33 48.89 63.67 81.67 1.91 1.67 
10 30 105 56 170 
11 27 68 26 174 
12 24 104 58 322 
13 32 126 45 342 
2 14 44 160 39 379 
15 33 248 69 310 
16 30 121 54 295 
17 51 115 66 289 
Mean 33.88 130.87 51.63 285.12 1.52 2.18 
w 1.73 
F I I 1.91 
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same in the reference series is somewhat disconcerting, but it is to be 
noted that the one most out-of-line is trial 4. In this case the test series 
made unusually high gains and the reference series unusually low. The 
IF'-value of 2.65 is the highest yet obtained for any feeding stuff tested. 
Trial 3 was the most out-of-line with a ratio of 4.94. Such variability is 
difficult to explain on the basis of probability, and one must recognize the 
possibility of differences in the vitality of cultures of oocysts. Since in all 
trials the ratios were high, it is evident that there is considerably more 
coccidium-growth-stimulating substance in wheat middlings than in whole 
wheat which, as previously stated, gave on the test an F-value of .92. 
ASSAY OF SOY BEAN MEAL 
The particular soy bean meal used in the experiment was obtained 
from a local dealer who purchased it from the Rath Packing Company, 
Waterloo, Iowa. It was represented as having been made by the process 
of expressing beans cooked at a high temperature. It had the character-
istic "nutty" taste of high-temperature meal as distinguished from the 
"beany" taste of low-temperature meal. 
Morrison's tables submit for expeller process soy bean meal about 
TABLE 4. Oi:icyst counts and weight gains for rats on 4 per cent powdered yeast and 
30 per cent wheat flmtr middlings diets 
(1) (2) 
Reference series Test series Ratio (2): (1) 
. 
Weight Weight 
Rat gain Oocysts gain Oocysts Weight Oocysts 
Trial number (gm.) 10• (gm.) 10• gains counts 
1 46 69 79 382 
2 49 111 72 132 
1 3 52 105 64 196 
4 33 82 51 211 
5 ........ .......... 48 156 
Mean 45 91.75 62.8 215.4 1.40 2.35 
6 45 78 67 147 
7 59 74 51 103 
2 8 46 95 50 151 
9 54 82 50 128 
Mean 51 82.25 54.5 132.25 1.07 1.61 
10 52 96 54 330 
11 54 67 65 295 
3 12 46 55 60 282 
13 52 19 57 265 
Mean 51 59.25 59 293 1.16 4.94 
14 28 26 72 24 
15 17 62 47 70 
4 16 30 27 63 108 
17 5 41 78 64 
Mean 20 39 65 66.5 3.25 1.71 
w 1.72 
F I 2.65 
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TABLE 5. Oocyst counts and weight gains for rats on 4 per cent powdered yeast and 
10 per cent soy bean meal diets 
(1) (2) 
Reference series Test series Ratio (2): (1) 
Weight Weight 
Rat gain Oi:icysts gain Oi:icysts Weigh t Oocysts 
Trial number (gm.) 10• (gm.) 10' gains counts 
1 36 142 48 77 
2 35 113 44 51 
1 3 39 127 40 16 
4 26 129 45 78 
5 32 123 32 113 
Mean 33.6 126.8 43.8 67 1.30 .53 
6 50 112 40 70 
7 42 92 38 49 
2 8 57 114 47 17 
9 50 116 43 51 
10 55 83 46 53 
Mean 50.8 103.4 42.8 48 .84 .46 
11 36 181 36 176 
12 49 242 38 106 
13 44 207 23 86 
3 14 40 127 37 83 
15 42 124 32 25 
16 32 118 49 48 
Mean 40.5 166.5 35.8 87.33 .88 .53 
w 1.00 
F .51 
44.3 per cent protein, and rate it as a good source of vitamin B. It contains 
also appreciable amounts of vitamin G. 
On account of the high protein content of soy bean meal, it was used 
in the basal ration at the 10 per cent level. 
The W-value of 1.00 indicates that over the 16-day growth period the 
test and control rations supported the same mean amount of growth. It 
is of further interest, however, that weights taken at the end of the sixth 
day following the 16-day period show the growth of the rats on the soy 
bean diet was much more seriously affected than of the series on the con-
trol diet. It was probably because of the scanty amounts of vitamins B 
and G in the soy bean meal, as well as the moderately light coccidial in-
fection. The F-value of .51 is to be compared with .31 for meat and bone 
meal and .94 for linseed meal-other feeding stuffs fed at the 10 per cent 
level in the previous experiment by the writers (1937) . 
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THE DEVELOPMENT OF VASCULAR TISSUES AND THE INITIA-
TION OF THE INFLORESCENCE IN HOLCUS SORGHUM 
CHAO-HSI CHEN' 
From the Department of Botany, Iowa State College 
Accepted for publication November 30, 1937 
The comparative anatomy of the embryo and seedling in the Grami-
neae has long been a fertile field for investigation. In recent years it has 
become evident that a knowledge of developmental anatomy is essen-
tial in the pursuit of agronomic and pathological studies, and emphasis is 
now directed toward complete developmental studies of selected species. 
Notwithstanding the importance of sorghum as a crop plant, the literature 
on the structure and development of this plant is meager. Other grasses 
have been studied much more intensively. Critical reviews of studies on 
the comparative morphology of the grass embryo and seedling have been 
presented by McCall (5), and Boyd and Avery (3). 
The embryo and seedling of sorghum have been studied. by a number 
of investigators, primarily from the standpoint of the homologies of the 
embryonic organs, as related to the comparative morphology of the Gra-
mineous embryo. Boyd (2) and Reznik (6) have described the vascula-
tion and histology of the embryo, and Sargant and Arber (7) have de-
scribed the anatomy and morphology of the seedling. There is little 
available information concerning the origin and development of the com-
plex and diverse tissues in the vascular bundle of sorghum. Similarities 
in stem organization of sorghum and corn (Hershey, 4) have suggested a 
similar course of histogenesis. 
The present study was undertaken to determine the origin, sequence 
of differentiation and cellular structure of tissues of the stem. The ap-
proximate time of inception of the inflorescence during the growing season 
was also determined. 
MATERIALS AND METHODS 
The Kaoliang variety of Sorghum was used in this study. Greenhouse 
grown seedlings were used for the study of seedlings. Field grown plants 
were used for the study of later stages of vascular differentiation and of 
the initiation of inflorescence. Collections were made at weekly intervals 
for eight weeks after planting. The following killing solution was used: 
1 per cent Chromic acid 
1 per cent Acetic acid 
37 per cent Formaldehyde 
20 cc. 
75 cc. 
5 cc. 
This solution kills and hardens the tissues in 48 hours. Embryos were pre-
pared for imbedding in paraffin by removing the embryo intact from 
'The writer wishes to express her thanks for the assistance and advice given by 
Dr. J. E. Sass, under whose direction this work was conducted. Acknowledgments are 
made to Dr. R. H. Porter for his interest in the problem and to Miss Marie Corltle for 
assistance with some of the drawings. 
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soaked kernels. Imbedded material was prepared for sectioning by soak-
ing the imbedded pieces, mounted and oriented on hardwood blocks, in 
warm water for at least twelve hours. Sections were stained in hemalum 
and safranin, or safranin and fast green. 
The drawings of low magnification were made with a calibrated micro-
projector. Detail drawings were made with a camera lucida or by microm-
eter measurements. 
OBSERVATIONS 
THE EMBRYO 
The sorghum embryo, isolated from the caryopsis, presents· in its 
longitudinal section, a well differentiated structure resembling the embryo 
of corn. The upper part of the axis, enclosed by the coleoptile, consists 
of the meristematic stem tip, and an average of five nodes bearing leaf 
primordia. The lower part of the axis, enclosed by the coleorhiza, con-
sists of the meristematic radicle or primary root, with its root cap. Be-
tween the coleoptile node and the scutellar plate, there is an interval which 
is commonly designated as the "mesocotyl." Neither seminal roots nor 
axillary buds were found in the embryos of the variety investigated. Prim-
ordia of roots are evident in the mesocotyl one week after germination. 
The inception of root formation is probably much earlier. Sorghum does 
not have an epiblast. 
VASCULAR TISSUES OF STEM 
The differentiation of the vascular elements of the stem from the 
apical meristem is initiated by the formation of provascular strands. These 
strands can be recognized about two hundred microns from the tip of the 
stem of the embryo at the beginning of germination. (Fig. 1.) A strand is 
a cylindrical column of narrow, elongated cells which have thin walls, 
dense cytoplasm and relatively large nuclei. (Fig. 3.) When first recog-
nizable, a strand is three to four cells in thickness. Rapid cell division in 
the longitudinal plane brings about an increase in the diameter of the 
strand. All cells of the strand may participate in this meristematic activ-
ity. At any given level, the cells and their nuclei are usually in transverse 
alignment, presenting a stratified appearance. Elongation of the group of 
cells at a given level takes place at a uniform rate, preserving the stratified 
arrangement until differentiation of tracheary elements begins. 
In the provascular strands of the seedling stem, the cells soon begin 
their differentiation into xylem and phloem. The protoxylem and proto-
phloem arise simultaneously. The first protoxylem element develops on 
the.inner side of the strand. (Fig. 4.) This element is invariably an annu-
lar tracheal tube, having a typical thin primary wall and thick, lignified 
annular secondary thickenings. The length and diameter of the mature 
vessel segments, and the spacing of the rings, vary considerably. In longi-
tudinal sections, all stages in the differentiation of this first protoxylem 
element can be traced. The process parallels the differentiation of similar 
elements as known to occur in other grasses. 
The differentiation of xylem progresses centrifugally. During the 
later stages in the development of the first annular trachea, the cells of a 
second column begin to enlarge and differentiate (Figs. 5-6). These cells 
may form either an annular trachea, or a tube in which both annular and 
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spiral thickenings occur. There may be a radial series of three or more 
tracheal tubes exhibiting a progressive transition from annular to spiral or 
spiral-reticulate trachea. 
Metaxylem elements can be recognized during the later stages of the 
differentiation of protoxylem. In transverse sections, a cell on each side of 
the latest protoxylem begins to undergo enlargement (Fig. 6). The 
nucleus, a thin, cytoplasmic layer, and numerous crossing strands of cyto-
plasm persist until maximum cell enlargement is attained. These two 
cells are part of vertical columns of cells which develop into pitted or 
reticulate-pitted trachea (Fig. 7) . In typical elements, the thick, lignified 
secondary wall is perforated by oblique pits arranged in spiral order. The 
size of the pits varies in different trachea. Large oblique pits give the 
effect of reticulate secondary walls. 
The vertical column of cells between the two large pitted metaxylem 
tracheal tubes develops into a strand of pitted tracheids (Figs. 7-8). These 
tracheids are short, prismatic cells with oblique end walls. The side walls 
and end walls are sparsely pitted. As a rule, the tracheids attain their 
structural maturity after that of the pitted trachea. In some bundles the 
walls of the metaxylem trachea remain unlignified while the pitted tra-
cheids have already developed strongly lignified walls. In such cases, the 
pitted tracheids attain structural maturity earlier than the pitted trachea. 
Protophloem elements, consisting of a group of three to five cells, can 
be recognized simultaneously with the earliest protoxylem cells. The 
young protophloem cells are not much larger than the adjacent provascu-
lar cells, but the former have relatively thick walls (Fig. 4). These walls 
have very little affinity for stains and present a translucent, glistening 
appearance. When the phloem cells are approximately ten in number, the 
sieve tubes have enlarged enough to be distinguishable from companion 
cells. The strand of phloem increases in diameter rapidly by division and 
enlargement of the cells. Differentiation of metaphloem takes place cen-
tripetally. The protophloem is gradua.lly pushed outward and crushed 
by the expansion of meta phloem (Figs. 6-7) . 
The bundle sheath of sclerenchyma arises from the proliferated mar-
ginal cells of the developing bundle (Fig. 8). There are two massive areas 
of sclerenchyma, one at the xylem and one at the phloem side of the 
bundle, joined by a layer of sclerenchyma, usually one cell thick, extend-
ing around the radial sides of the bundle. The typical bundle sheath cell 
is a long, prismatic cell with thick, lignified secondary walls and a small 
cylindrical lumen. The ends are oblique, rather than tapered. Pitting is 
extremely reduced or entirely absent. There is comparatively little twist-
ing or interweaving of cells. 
The vascular bundles in the central region of the stem complete their 
differentiation earlier than the peripheral bundles. New provascular 
strands arise in the periphery of the stem after the protoxylem and proto-
phloem of the central bundles are well developed. 
Cells of the ground meristem continue to divide after the bundles of 
the same region have reached maturity. It is difficult to determine the 
exact time of termination of meristematic activity in ground meristem. 
The transition from ground meristem to mature pith parenchyma is pro-
gressive and continuous. 
In the internodes, the peripheral bundles are crowded and smaller 
than those in the central region. The outermost circle of bundles forms 
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practically a solid ring, their confluent sclerenchymatous sheaths, to-
gether with the thickened epidermis and one to three layers of lignified 
hypodermis, constituting the tough "rind" of the culm. 
INITIATION OF THE INFLORESCENCE 
Young sorghum plants were collected at weekly intervals beginning 
with the first indications of germination. One week after germination the 
seedling has four or five well-developed foliage leaves, in addition to 
several leaf primordia newly laid down from the meristematic tip. This 
process of leaf formation continues until floral primordia arise. The first 
flower primordia become evident on approximately the thirty-fifth day 
and may be recognized by the appearance of small regularly-spaced lobes 
on the elongated terminal portion of the axis (Plate II, fig. 1). At this 
time, fourteen to eighteen leaves or nodes are present, representing the 
full number of the leaves or nodes of the mature plant. 
After the third week bud primordia appear in the axils of three or 
four leaves immediately below the stem tip (Fig. 2) . Axillary buds are 
well differentiated at the end of the fourth week. In the mature plant, a 
bud is present at each node or the axil of each leaf except the upper three 
or four nodes. Buds are older and more advanced structurally at the 
basal nodes. 
DISCUSSION 
Comparison of the structure of the sorghum embryo and seedling 
with corn and the more common cereal grasses reveals many similarities 
and some fundamental differences. In the absence of seminal roots, also 
reported by Reznik (6), sorghum differs from corn, wheat, oats and many 
other grasses. Axillary buds are present in the embryo of wheat and oats, 
whereas, corn and sorghum are similar in the absence of pronounced axil-
lary buds, and in the comparatively late inception of such buds, approxi-
mately three weeks after germination. 
The sequence in which axillary buds arise, and the degree of differ-
entiation of the buds on a plant, have not yet been determined, but pre-
liminary observations indicate that the upper three or four nodes, as in 
corn, lack discernible buds. 
The differentiation of the vascular system of sorghum parallels that 
of corn (Hershey ( 4)) in the sequence of cellular development in the 
bundle, the order of differentiation of bundles in a stem, and in the gross 
aspects of nodal anatomy. Non-vascular tissues of the stem also exhibit 
a similar history in sorghum and corn. 
The primordia of the terminal inflorescence of sorghum are laid down 
in approximately five weeks, the same interval necessary for the initiation 
of the staminate inflorescence of corn. A comparison of the developmental 
history of the terminal and axillary primordia of sorghum with those of 
corn would be of much interest, contrasting a plant with terminal fruiting 
with one normally having axillary fruiting. Further study of the details 
of development of the inflorescence and axillary buds of sorghum is to be 
undertaken. A comparison of varietal differences in rate and sequence 
of development is also proposed. 
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SUMMARY 
1. A study was made of the differentiation of the vascular tissues of 
sorghum, Holcus sorghum variety Kaoliang. The time of initiation of 
the inflorescence was determined. 
2. At the beginning of germination, the embryo has, on the average, five 
leaf primordia. No seminal root primordia occur in the embryo. 
3. Provascular (procambium) strands of the stem differentiate from 
the apical meristem. Each strand consists of a cylinder of elongated, 
deeply staining cells. The strand increases in diameter by cell divi-
sion and exhibits transverse stratification of cells. 
4. In the provascular strands of the seedling stem, protoxylem and 
protophloem arise simultaneously. The first protoxylem element, an 
annular trachea, develops on the inner side of the strand. A group 
of three to five protophloem elements can be recognized on the outer 
side of the strand. 
5. Differentiation of xylem is centrifugal, producing in succession, an-
nular, spiral and reticulate protoxylem elements, pitted metaxylem 
trachea, and finally pitted tracheids. 
6. Metaphloem differentiates centripetally and consists of sieve tubes 
and companion cells. The protophloem is pushed outward and 
crushed. 
7. Pro vascular cells in the central and peripheral regions of the strand 
continue to divide during the differentiation of protoxylem and 
protophloem. Cells of the ground meristem also continue to divide 
until the bundles are almost completely differentiated. 
8. The bundle sheath of sclerenchyma arises from the marginal cells of 
the developing bundle. 
9. Vascular bundles in the central region of the stem complete their 
differentiation earlier than the peripheral bundles. New provascular 
strands arise in the periphery after the xylem and phloem of the 
central bundles are developed. 
10. Axillary buds arise about four weeks after germination, first becom-
ing evident at the third or fourth node below the stem tip. 
11. Initiation of the inflorescence, terminally on the axis, occurs approxi-
mately five weeks after germination. 
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PLATE I 
Fig. 1. Apical meristem, leaf primordia and provascular strands in seedling of Holcus 
30Tghum one week after germination. x 30. 
Fig. 2. Axillary buds well-defined in plant four weeks after germination. x 30. 
Fig. 3. Cross section of provascular strand near apical meristem. No indications of 
differentiation are evident. x 300. 
Fig. 4. Strand showing first recognizable protoxylem and protophloem elements. x 200. 
A. First distinguishable protophloem cell. 
B. Protoxylem trachea most commonly annular. 
Fig. 5. First protoxylem elements lignified, later protoxylem and metaxylem elements 
are nucleate, and in process of enlargement. Companion cells are evident. x 150. 
C. Trachea, spiral or reticulate-spiral. 
B. Protoxylem trachea most commonly annular. 
Fig. 6. Protoxylem elements completely lignified, first-formed trachea ruptured to 
form lacuna. Metaxylem fully enlarged, but still nucleate. Protophloem be-
coming crushed. x 150. 
C. Trachea, spiral or reticulate-spiral. 
B. Protoxylem trachea most commonly annular. 
Fig. 7. Trachea fully lignified, tracheids still unlignified. x 230. 
Fig. 8. Mature bundle with all trachea, tracheids and bundle sheath sclerenchyma 
lignified, Xylem parenchyma evident. x 200. 
G. Crushed protophloem. 
F. Metaphloem companion cell. 
E. Metaphloem sieve tube. 
D. Metaxylem trachea, pitted. 
H. Pitted tracheids. 
C. Trachea, spiral or reticulate-spiral. 
I. Xylem parenchyma. 
J. Bundle sheaths, sclerenchyma. 
K. Pith, parenchyma. 
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PLATE II 
Floral primordia of terminal inflorescence, five weeks after planting. x 35. 
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The following report was made possible through the courtesy of the 
authorities of the United States National Museum, to whom I am indebted 
for the privilege of studying the collections of spiders in their charge. 
I wish also to express my appreciation to Dr. W. J. Gertsch of the American 
Museum of Natural History and Miss E. B. Bryant of the Museum of 
Comparative Zoology, who kindly lent material and gave valuable advice. 
Unless otherwise indicated the material on which this paper is based is in 
the United States National Museum. 
In view of the scarcity of knowledge concerning the families under 
consideration, it is thought advisable to publish not only the descriptions 
of new species but also distributional notes which in most cases are new 
records for the states concerned. 
Family Gnaphosidae 
1. Gnaphosa brumalis Thorell 
Gnaphosa brumalis Thorell, Proc. Boston Soc., N. H., 17: 497, 1877. 
Records: Washington, Port Townsend, female; Labrador, two males 
and two females; Alaska, Fort Yukon, female. 
2. Gnaphosa fontinalis Keyserling 
Gnaphosa fontinalis Keyserling, Verh. Zoo. Bot. Ges. Wien, 37: 424, 
Pl. VI, fig. 4, 1887. 
Record: Pennsylvania, York, female. 
3. Gnaphosa mima Chamberlin 
Gnaphosa mima Chamberlin, American Museum Novitates, No. 631, 
p. 2, figs. 3 and 4, 1933. 
Record: Labrador, male. 
4. Gnaphosa parvula Banks 
Gnaphosa parvula Banks, Trans. Amer. Ent. Soc., 23: 61, 1893. 
Records: Alberta, Calgary, October 30, 1927, female; Bilby, May 21, 
1924, female (Owen Bryant, collector); Labrador, female; Nebraska, fe-
male. 
5. Gnaphosa gosoga Chamberlin 
Gnaphosa gosoga Chamberlin, Proc. Biol. Soc. Washington, 41: 178, 
1928. 
Record: California, San Diego, female. 
[227] 
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6. Gnaphosa sericata L. Koch 
Gnaphosa sericata L. Koch, Arachn. Fam. der Drassiden, p. 31, Pl. ii, 
fig. 21, 1866. 
Records: New Brunswick, St. John, female; Labrador, two females; 
Utah, male and female; Washington, D. C., male. 
7. Gnaphosa hirsutipes Bks. 
Plate I, fig. 9 
Gnaphosa hirsutipes Banks, Proc. Acad. Nat. Sci. Phil., 53: 573, Pl. 
XXXIII, fig. 4, 1901. 
Male. Total length, 9.0 mm. Carapace, 3.6 mm. long, 2.9 mm. at the 
widest place, 1.8 mm. wide in front. Carapace orange yellow above, the 
pars cephalica and chelicerae darker than the pars thoracica. Sternum 
orange brown, the coxae lighter, labium and endites dark brown. Legs 
pale, lighter than the carapace, the tarsi somewhat darker than the other 
joints. Dorsum of the abdomen grayish with four dark punctuations on the 
basal half; venter concolorous with the dorsum. 
Anterior row of eyes slightly procurved, narrower than the recurved 
posterior row (11/16). Anterior median eyes three-fourths as large as the 
anterior lateral, closer to the latter than to each other, separated from 
each other by two-thirds of a diameter. Posterior lateral eyes oblique, the 
long diameter longer than the diameter of the circular posterior lateral 
eyes ( 4/3) , closer to each other than to the posterior lateral eyes 
being removed from each other by about one-half a long diameter, from 
the posterior lateral by more than a long diameter. Median ocular quad-
rangle longer than wide (9/10), somewhat narrower in front than behind. 
Clypeus higher than the diameter of an anterior median eye (5/3). Lower 
margin of the chelicerae armed with a distinct keel whose constituent 
teeth are not distinct. Anterior tibiae and metatarsi without spines be-
low; posterior tibiae with 2-2-2 spines below and posterior metatarsi with 
a pair of basal spines and a ring of spines distally. Tibia and patella I, 4.6 
mm. long (tibia alone, 2.8 mm.); tibia and patella II, 4.2 mm. (tibia alone, 
2:7 mm.). For details of the palpal organ see Plate I, fig. 9. 
Described from a male specimen taken in Stoneham, Pawnee Buttes, 
Colorado, by M. Koerner and in the American Museum of Natural History. 
In the United States National Museum is a female from Denver, Colorado, 
and a female from San Jacinto, California. 
8. Gnaphosa septentrionalis, n. sp. 
Plate I, figs. 2 and 8 
Male. Total length, 3.9 mm. Carapace, 2.1 mm. long, 1.6 mm. wide, 
Carapace light reddish brown above with dark striations extending from 
the dorsal groove. Chelicerae concolorous with the carapace, the labium 
somewhat darker. Legs clear, light reddish, paler than the carapace, 
armed with numerous setae and spines, abdomen dark gray above, with 
a basal longitudinal band which is flanked on each side by a pair of dark 
punctations. Sides and venter of the abdomen concolorous with the 
dorsum. 
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Anterior and posterior rows of eyes recurved, the posterior row 
broader than the anterior (13/8). Anterior median eyes two-thirds as 
large as the anterior lateral, almost contiguous with the latter but sepa-
rated from each other by about a diameter. Posterior median eyes oblique, 
much longer than wide, the long diameter longer than the diameter of the 
circular posterior lateral eyes (4/3). Posterior lateral eyes removed from 
the posterior median eyes by about one diameter. Median ocular quad-
rangle slightly wider than long, slightly narrower in front than behind. 
Clypeus equal in height to the diameter of an anterior median eye. Keel 
of the lower cheliceral margin uneven, evidently consisting of several 
fused teeth. Tibiae I armed below with a single apical pair of spines, 
tibiae II armed below with an apical pair and single submedian spine, 
tibiae III and IV armed below with three pairs of spines. Metatarsi I armed 
with a single basal spine, metatarsi II armed with a basal pair of spines. 
Tibia and patella I as long as tibia and patella IV. For the structure of the 
palpal organ see Plate I, fig. 2. 
Female: Total length, 7.2 mm. Carapace, 2.64 mm. long, 1.98 mm. at 
the widest place, 1.2 mm. wide in front. Carap3.ce and chelicerae dark 
reddish brown above with indications of dark striations extending from 
the dorsal groove. Sides concolorous with the dorsum lacking distinct 
submarginal stripes. Sternum, coxae, labium, and endites dark reddish 
brown, the legs somewhat lighter. Dorsum of the abdomen light brown 
above without any dark markings, sides and venter concolorous with the 
dorsum. 
Anterior row of eyes straight or slightly recurved, much narrower 
than the recurved posterior row (12/ 16). Anterior median eyes slightly 
closer to the anterior lateral than to each other and about two-thirds as 
large as the latter. Posterior median eyes closer to each other than to the 
posterior lateral eyes, much more circular than in the male, separated from 
each other by about one-half a long diameter, from the posterior lateral by 
more than a long diameter. Median ocular quadrangle slightly longer 
than wide, narrower in front than behind. Clypeus about as high as the 
diameter of an anterior median eye. Lower cheliceral margin armed with 
a distinct keel consisting of five or six fused teeth. Tibiae I without spines 
below, tibiae II with a single apical pair, tibiae III and IV with three pairs 
of spines below. Tibia and patella I, 2.1 mm. long (tibia alone 1.2 mm.), 
tibia and patella IV, 2.5 mm. long (tibia alone, 1.5 mm.). For the structure 
of the epigynum see Plate I, fig. 8. 
Type locality: Alaska: Male holotype from Schumaline Island and 
female allotype from Allognagik (no further data). 
Type: U. S. N. M. Cat. No. 1286. 
This new species resembles G. hirsutipes Banks, but may be distin-
guished from the latter by the structure of the copulatory organs. 
9. Gnaphosa tenebrosa, n sp. 
Plate II, fig. 6 
Female. Total length, 6.8 mm. Carapace, 2.7 mm. long, 1.82 mm. at 
widest place, 1.2 mm. wide in front. Carapace dark reddish brown above, 
lighter at the median part, with indications of dark striations extending 
from the dorsal groove. Sides concolorous with the dorsum, without sub-
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marginal stripes. Sternum, labium, and endites dark reddish brown, 
coxae much lighter. Legs light reddish brown, uniform, without annula-
tions. Dorsum, sides and venter of the abdomen lighter than the carapace, 
the venter with two dark longitudinal lines. 
Anterior and posterior rows of eyes recurved, the anterior row nar-
rower than the posterior (9/11). Anterior median eyes closer to the an-
terior lateral than to each other and about two-thirds as large as the latter. 
Posterior median eyes closer to each oher than to the posterior lateral, 
oblique, separated from the posterior lateral by less than a long diameter, 
from each other by about one-half a long diameter. Median ocular quad-
rangle about as long as wide, about as wide in front as behind. Clypeus 
about as high as the diameter of an anterior median eye. Lower cheliceral 
margin armed with a distinct keel whose distal end is broken into several 
points. Tibiae I and II without spines below. Tibia and patella I, 2.16 
mm. long (tibia alone, 1.26 mm.); tibia and patella IV, 2.16 mm. long 
(tibia alone, 1.26 mm.). For the structure of the epigynum see Plate II, 
fig. 6. 
Type locality: Female holotype from Labrador (no further data). 
Type: U. S. N. M. Cat. No. 1287. 
10. Gnaphosa subparvula, n. sp. 
Plate II, fig. 5 
Female: Total length, 6.0 mm. Carapace, 3.3 mm. long, 2.4 mm. at the 
widest place, 2.2 mm. wide in front. Carapace dusky gray above, darker 
at the junction of the pars thoracica with the pars cephalica. Sides and 
margins of the carapace much darker than the dorsum. Sternum, labium, 
endites, and coxae light yellowish to dark brown. Legs concolorous with 
the dorsum, the femora darker. Dorsum and sides of the abdomen darker 
than the carapace; venter lighter. 
Anterior row of eyes procurved, narrower than the recurved posterior 
row (8/11). Anterior median eyes closer to the anterior lateral than to 
each other, separated from each other by about a diameter, from the an-
terior lateral by about one-half a diameter, about two-thirds as large as 
the anterior lateral. Posterior median eyes almost circular, closer to each 
other than to the posterior lateral, separated from each other by two-
thirds a long diameter, from the posterior lateral by slightly more than a 
long diameter. Posterior median eyes about two-thirds as large as the pos-
terior lateral. Median ocular quadrangle slightly wider than long, slightly 
narrower in front than behind. Clypeus about twice as high as the 
diameter of an anterior median eye. Lower cheliceral margin armed with 
a distinct keel whose distal edge is characterized by a triangular indenta-
tion, and whose constituent teeth are indistinct. Tibiae I and II with a 
distal pair of spines and sometimes with a single submedian spine in addi-
tion. Metatarsi I and II armed with a submedian pair of spines. Tibia and 
patella I, 2.4 mm. long (tibia alone, 1.4 mm.); tibia and patella IV, 2.3 mm. 
long (tibia alone, 1.6 mm.). Epigynum as shown in Plate II, fig. 5. 
Type locality: Female holotype and three female para types from Lab-
rador (no further data). 
Type: U. S. N. M. Cat. No. 1288. 
This new species differs from G. parvula Banks in the lesser develop-
ment of the process extending caudad from the anterior border of the 
epigynum and in the spination of the anterior tibiae. 
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11. Gnaphosa labradorensis, n. sp. 
Plate I, fig. 1 
Male: Total length, 6.0 mm. Carapace, 2.8 mm. long, 2.2 mm. at the 
widest place, 1.0 mm. wide in front. The specimen at hand is very old and 
in· bad condition, hence the following description may not strictly apply 
to all individuals of the species. Carapace dark brown above without a 
relieving pattern. Sternum, labium, and coxae concolorous with the dor-
sum of the carapace, endites much lighter. Legs dark brown, somewhat 
lighter than the carapace. Abdomen indescribable because of dessication. 
Anterior row of eyes slightly procurved, narrower than the recurved 
posterior row (8/11). Anterior median eyes closer to the anterior lateral 
than to each other and much smaller than the latter. Posterior median 
eyes almost circular, much closer to each other than to the posterior lat-
eral eyes, and separated from the latter by more than a diameter. Median 
ocular quadrangle about as long as wide and about as wide in front as 
behind. Clypeus about twice as high as the diameter of an anterior median 
eye. Lower cheliceral margin armed with a distinct keel whose distal 
edge is broken into points and whose constituent teeth are very distinct. 
Tibiae I and II apparently with a distal pair of spines. Metatarsi I and II 
apparently with a single submedian pair of spines. Tibia and patella I 
equal in size to tibia and patella II. Tibia and patella I, 2.7 mm. (tibia 
alone, 1.5 mm.). For the structure of the male palpus see Plate I, fig. 1. 
Type locality: Male holotype from Labrador (no further data). 
Type: U. S. N. M. Cat. No. 1289. 
The species described above bears a close resemblance to G. parvula 
Banks, especially in the structure of the palpal organ, but may be distin-
guished from the latter particularly by the greater development of the 
tibial apophysis. 
12. Herpyllus hesperolus Chamberlin 
Herpyllus hesperolus Chamberlin, Proc. Bio. Soc. Washington, 41: 176, 
1928. 
Record: Utah, male and female. 
13. Herpyllus propinquus (Keyserling) 
Prosthesima propinqua Keyserling, Verh. Zool. Bot. Ges. Wien, 37: 430. 
PL VI, fig. 7, 1887. 
Herpyllus propinquus Chamberlin, Proc. Bio. Soc. Washington, 
35: 149, 1922. 
Record: Lake Superior, female; California, San Diego, male and 
female. 
14. Herpyllus vasifer (Walckenaer) 
Drassylus vasifer Walckenaer, Tabl. Aran. p. 46, 1805. 
Herpyllus vasifer Petrunkevitch, Bull. American Mus. Nat. Hist., 
29: 144, 1911. 
Records: Utah, 2 males; Washington, D. C., 2 males; Nebraska, male; 
Indiana, male and female; Wyoming, Fort Bridges, female; California, 
San Francisco, female; Georgia, Atlanta, female; Colorado, Pikes Peak, 
female; Iowa, Ames, male (E. R. Becker, collector); Florida, male. 
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15. Herpyllus bensonae, n. sp. 
Plate I, fig. 7 
Male: Total length, 8.2 mm. Carapace, 4.2 mm. long, 3.0 mm. at the 
widest place, 1.6 mm. wide in front. Carapace reddish brown above, the 
pars cephalica somewhat lighter than the pars thoracica. Labium, endites, 
and coxae also reddish brown, sternum somewhat lighter. Legs dark 
brown, concolorous with the dorsum of the carapace. Abdomen light red-
dish brown, basal half with several irregular punctations arranged in 
two rows. The abdomen is cornified basally. Venter concolorous with the 
dorsum, with two longitudinal dark lines extending from the epigastric 
furrow almost to the spinnerets. 
Anterior row of eyes slightly recurved, somewhat narrower than the 
slightly procurved posterior row (15/ 16). Anterior median eyes separated 
from each other by a diameter, contiguous with the anterior lateral eyes 
and much larger than the latter (7 / 5) . Eyes of the posterior row sub-
equidistant, the posterior median eyes about five-sixths as large as the 
posterior lateral. Median ocular quadrangle slightly wider than long, 
wider in front than behind. Clypeus equal in height to about one and one-
half times the diameter of an anterior median eye. Lower cheliceral mar-
gin unarmed below, upper margin apparently armed with two fused teeth. 
Tibiae I armed with 2-2-2 spines below, metatarsi I armed with a single 
basal pair of spines below. Tibia and patella I, 4.5 mm. long (tibia alone, 
2. 7 mm.) ; tibia and patella IV missing. For the structure of the pal pal 
organ see Plate I, fig. 7. 
Type locality: Male holotype from Washington, D. C. (no further 
data). 
Type: U. S. N. M. Cat. No. 1290. 
The palpal organ of this new species bears considerable resemblance 
to that of G. hesperolu.s Chamberlin, but may be distinguished from it by 
the structure of the tibial apophysis which is not bibranchiate. 
16. Herpyllus excelsus, n. sp. 
Plate II, fig. 8 
Female: Total length, 10.4 mm. Carapace, 3.3 mm. long, 2.4 mm. at the 
widest place, 1.3 mm. wide in front. Carapace light reddish brown without 
distinct markings. Sternum, legs, and endites concolorous with the dorsum 
of the carapace, labium somewhat darker. Dorsum of the abdomen, sides, 
and venter pale gray, without dark markings. 
Anterior row of eyes slightly recurved, narrower than the procurved 
posterior row (12/14). Anterior median eyes separated from each other 
by about two-thirds of a diameter, almost contiguous with the anterior 
lateral eyes and much larger than the latter (3/ 2). Eyes of the posterior 
row subequidistant, the posterior median eyes about two-thirds as large 
as the posterior lateral. Median ocular quadrangle slightly longer than 
wide, wider in front than behind (8/ 6). Clypeus equal in height to about 
one-half the diameter of an anterior median eye. Lower cheliceral margin 
with indications of a single poorly developed tooth, upper margin with 
two well-developed teeth and indications of a third. Tibiae I armed with 
1-1-1 spines, tibiae II apparently armed with 2-2 spines. Metatarsi I armed 
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with a single basal spine, metatarsi II armed with a basal pair of spines. 
Tibia and patella I, 3.2 mm. long (tibia alone, 1.92 mm.); tibia and patella 
IV, 3.7 mm. long (tibia alone, 2.4 mm.). For the structure of the epigynum 
see Plate II, fig. 8. 
Type locality: Arizona: Female holotype from Chiricahua Mts. (no 
further data) . 
Type: U.S. N. M. Cat. No. 1291. 
17. Herpyllus australis, n. sp. 
Plate II, fig. 1 
Female: Total length, 8.4 mm. Carapace, 2.8 mm. long, 2.0 mm. at the 
widest place, 1.2 mm. wide in front. Dorsum of the carapace dark reddish 
brown above, sides with dark irregular submarginal bands. Sternum and 
coxae light reddish brown, lighter than the carapace, labium and endites 
concolorous with the carapace. Legs light reddish brown, femora some-
what darker than the other joints. Dorsum and sides of the abdomen gray, 
venter with indications of two dark longitudinal lines extending from the 
epigastric furrow almost to the spinnerets. 
Anterior and posterior rows of eyes slightly recurved, the anterior 
row narrower than the posterior row (19/22). Anterior median eyes 
closer to the anterior lateral than to each other, separated from each other 
by about three-fifths of a diameter, almost contiguous with the anterior 
lateral and larger than the latter (5/4). Posterior median eye closer to 
the posterior lateral than to each other, separated from each other by more 
than two diameters, removed from the posterior lateral by more than a 
diameter and about one-half as large as the latter. Median ocular quad-
rangle somewhat longer than wide, about as wide in front as behind. Lat-
eral eyes of each row unusually wide apart, being separated by more than 
the diameter of a posterior lateral eye. Clypeus equal in height to the 
diameter of an anterior median eye. Lower cheliceral margin with indi-
cations of a weak tooth, upper margin armed with two robust teeth and 
indications of a third. Tibiae I armed with 1-1-1 spines below, tibiae II 
armed with 0-1-1 spines below. Metatarsi I and II armed with a basal pair 
of spines. Tibia and patella I, 2.4 mm. long (tibia alone, 1.4 mm.); tibia 
and patella IV, 2.7 mm. long (tibia alone, 1.5 mm.). For the structure of 
the epigynum see Plate II, fig. 1. 
Type locality: Florida: female holotype from Key West (no further 
data). 
Type: U. S. N. M. Cat. No. 1292. 
In the arrangement of the eyes the new species described above differs 
somewhat from most species of Herpyllus. Its general structure and 
epigynum, however, are characteristic of that genus. 
18. Haplodrassus taibo (Chamberlin) 
Zelotes taibo Chamberlin, Pomona Jour. Ent. and Zool., 12: 6, Pl. 2, 
fig. 5, 1920 (adv. reprint, 1919). 
Haplodrassus taibo Chamberlin, Proc. Bio. Soc. Washington, 35: 161, 
1922. 
Record: Utah, female. 
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19. Haplodrassus magister Chamberlin 
Haplodrassus magister Chamberlin, Amer. Mus. Novit. No. 631, Pl. 6, 
figs. 11 and 12, 1933. 
Record: Labrador, male. 
20. Drassylus arizonensis (Banks), new comb. 
Plate II, fig. 3 
Prosthesima arizonensis Banks, Proc. United States Nat. Mus., 23: 582, 
1901. 
Zelotes (?) arizonensis Chamberlin, Proc. Bio. Soc. Washington, 
35: 166, 1922. 
The holotype of the above species is in the United States National 
Museum. 
Type: U.S. N. M., Cat. No. 5424. 
21. Drassylus aprilinus (Banks) 
Zelotes aprilinus Banks, Jour. New York Ent. Soc., 12: 110, Pl. 5, fig. 7, 
1904. 
Drassylus aprilinus Chamberlin, Proc. Bio. Soc. Washington, 35: 170, 
1922. 
Record: Washington, D. C., female. 
22. Drassylus depressus (Emerton) 
Prosthesima depressa Emerton, Trans. Conn. Acad., 8: 173, Pl. III, 
fig. 8, 1889. 
Drassylus depressus Chamberlin, Proc. Bio. Soc. Washington, 35: 167, 
1922. 
Records: New Mexico, female; Pennsylvania, male. 
23. Drassylus frigidus (Banks) 
Prosthesima frigida Banks, Proc. Acad. Philadelphia, p. 17, Pl. I, fig. 
56, 1892. 
Drassylus frigidus Chamberlin, Proc. Bio. Soc. Washington, 35: 168, 
1922. 
Records: Washington, D. C., male and female; Maryland, Baltimore, 
male and female. 
24. Drassylus rationalis Chamberlin 
Drassylus rationalis Chamberlin, Proc. California Acad., 12: 629, fig. 
67, 1924. 
Records: California, San Diego, female; San Francisco, female. 
25. Drassylus rufulus (Banks) 
Prosthesima rufula Banks, Proc. Acad. Philadelphia, p. 17, Pl. I, fig. 
55, 1892. 
Drassylus rufulus Chamberlin, Proc. Bio. Soc. Washington, 35: 167, 
1922. 
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Records: Nebraska, Lincoln, female; Colorado, Pikes Peak, two 
females; Pennsylvania, Philadelphia, female. 
26. Drassylus saphes Chamberlin 
Drassylus saphes Chamberlin, Amer. Mus. Novit., No. 841, p. 29, 
fig. 44, 1936. 
Record: Arizona, Phoenix, female. 
27. Poecilochroa montana Emerton 
Poecilochroa montana Emerton, Trans. Connecticut Acad. Sci., 8: 175, 
Pl. IV, fig. 2, 1889. 
Record: Washington, D. C., female. 
28. Poecilochroa columbiana Emerton 
Poecilochroa columbiana Emerton, Can. Ent., 49: 269, fig. 21, 1917. 
Record: California, San Diego, female. 
29. Drassodes neglectus (Keyserling) 
Drassus neglectus Keyserling, Verh. Zool. Bot. Ges. Wien, 37: 434, 
fig. 10, 1887. 
Drassodes neglectus Petrunkevitch, Bull. Amer. Mus. Nat. Hist., 
29: 138, 1911. 
Record: Florida, female; Oregon, Lake Klamath, male; Alberta, Ed-
monton, May 10, 1924 (Owen Bryant, collector), male. 
30. Drassodes robinsoni Chamberlin 
Drassodes robinsoni Chamberlin, Ann. Ent. Soc. America, 12: 245, 
Pl. 16, fig. 2, 1919. 
R,ecord: North Carolina, Chapel Hill, March 27, 1886, female; British 
Columbia, Kamloops, Oct. 26, 1929 (0. Bryant, collector), female. 
31. Drassodes celes Chamberlin 
Drassodes celes Chamberlin, Pomona Jour. Ent. and Zool., 12: 5, Pl. 2, 
fig. 2, 1920 (adv. reprint, 1919). 
Records: California, San Jacinto, female; Texas, Columbus, female. 
32. Litopyllus luteus (Barrows) 
Prosthesima lutea Barrows, Ohio Jour. Sci., 19: 356, Pl. XV, fig. 5, 
1919. 
Litopyllus luteus Chamberlin, Proc. Bio. Soc. Washington, 35: 155, 
1922. 
Record: Washington, D. C., male and female. 
33. Litopyllus ambiguus, n. sp. 
Plate I, fig. 4 
Male: Total length, 5.8 mm. Carapace, 2.8 mm. long, 2.1 mm. at the 
widest place, 1.0 mm. wide in front. Carapace reddish brown without 
distinct lighter markings. Sternum, coxae, endites, light reddish, labium 
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somewhat darker. Legs light reddish brown, concolorous with the 
sternum. Abdomen reddish brown, the basal portion cornified, with two 
rows of punctations consisting of three each at about the middle third. 
Venter lighter than the dorsum and without dark lines. 
Anterior row of eyes slightly recurved, about as long as the procurved 
posterior row. Anterior median eyes larger than the anterior lateral, 
almost contiguous with the latter but separated from each other by about 
one-half a diameter. Posterior median eyes larger than the posterior lat-
eral, oblique, much closer to each other than to the posterior lateral. 
Median ocular quadrangle slightly longer than wide, wider in front than 
behind. Clypeus equal in height to the diameter of an anterior median 
eye. Tibiae I armed with 1-1-1 spines below; metatarsi I armed with a 
basal pair of spines. Tibia and patella I, 2.8 mm. long (tibia alone, 1.6 
mm.); tibia and patella II, 3.0 mm. long (tibia alone, 1.9 mm.). For the 
structure of the palpal organ see Plate I, fig. 4. 
Type locality: Male holotype from New Mexico (no further data) . 
Type: U.S. N. M. Cat. No. 1293. 
34. Sosticus projectus, n. sp. 
Plate I, figures 3 and 5 
Female: Total length, 9.8 mm. Carapace, 3.3 mm. long, 2.6 mm. at the 
widest place, 1.4 mm. wide in front. Carapace dark reddish brown without 
lighter markings. Sternum dark reddish brown at the edges, lighter in the 
center; coxae and endites light reddish brown, lighter than the sternum 
and the carapace. Legs reddish brown with the femora somewhat darker 
than the other joints. Dorsum of the carapace gray, basally with two rows 
of punctations consisting of three each; venter lighter than the dorsum 
with two dark longitudinal lines extending from the epigastric furrow al-
most to the spinnerets. 
Anterior row of eyes procurved, narrower than the straight posterior 
row (11/ 13) . Anterior median eyes about as large as the anterior lateral, 
closer to the latter than to each other, removed from each other by less 
than one-half a diameter. Posterior median eyes smaller than the pos-
terior lateral, closer to the latter than to each other, removed from each 
other by about a diameter. Median ocular quadrangle as wide as long, 
as wide in front as behind. Clypeus slightly higher than the diameter 
of an anterior median eye. Lower cheliceral margin armed with two 
teeth, upper margin armed with three. Tibiae I unarmed below; tibiae 
II with a single submedian spine. Metatarsi I armed with a basal pair of 
spines, metatarsi II armed with a basal pair and a submedian spine. Tibia 
and patella I, 3.2 mm. long (tibia alone, 1.8 mm.); tibia and patella IV, 
3.6 mm. long (tibia alone, 2.2 mm.). 
Epigynum much longer than wide (10/15), provided with a posteri-
orly projecting heavily chitinized scape. For further details of the struc-
ture of the epigynum see Plate I, fig. 5. 
Male: Total length, 5.8 mm. Carapace, 2.8 mm. long, 2.3 mm. at the 
widest place, 1.1 mm. wide in front. Carapace dark reddish brown above 
with a distinct light patch at the posterior portion of the pars cephalica. 
Sternum, coxae, and endites light orange brown, the labium somewhat 
darker. Legs reddish brown, the femora darker than the other joints. 
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Abdomen irregular dark reddish brown above, the basal portion much 
lighter; venter concolorous with the sternum, with two dark longitudinal 
lines extending from the epigastric furrow to the spinnerets. 
Anterior row of eyes recurved, narrower than the procurved posterior 
row (9/11). Other eye arrangements essentially as in the female. Med-
ian ocular quadrangle slightly larger than wide, about as wide in front as 
behind. Lower cheliceral margin armed with two teeth, upper with three. 
Clypeus equal in height to about twice the diameter of an anterior median 
eye. Tibiae I and II armed with 2-2-2 spines below, metatarsi I and II 
armed with 2-2 spines. Tibia and patella I, 2.5 mm. long (tibia alone, 1.7 
mm.); tibia and patella IV, 3.1 mm. long (tibia alone, 1.9 mm.). For the 
structure of the palpae organ see Plate I, fig. 3. 
Type locality: Female holotype and male allotype from Indiana (no 
further data) . 
Type: U.S. N. M. Cat. No. 1294. 
35. Zelotes pullatus, n. sp. 
Plate II, fig. 2 
Female: Total length, 9.6 mm. Carapace, 3.6 mm. long, 2.9 mm. at 
the widest place, 1.6 mm. wide in front. Carapace, sternum, endites, 
labium, and legs dark brown to black. Dorsum of the abdomen and sides 
gray without distinct markings. Venter somewhat lighter. 
Anterior row of eyes slightly recurved, narrower than the straight 
posterior row (9/ 11). Anterior median eyes closer to the anterior lateral 
than to each other and about two-thirds as large as the latter. Eyes of the 
posterior row subequidistant, the posterior median eyes about two-thi,rds 
as large as the posterior lateral. Median ocular quadrangle slightly wider 
than long, as wide in front as behind. Clypeus equal in height to almost 
twice the diameter of an anterior median eye. Lower cheliceral margin 
armed with one tooth, upper margin armed with three teeth. Tibiae I 
and II unarmed below; metatarsi I and II with a basal pair of spines. Tibia 
and patella I, 3.7 mm. long (tibia alone, 2.1 mm.); tibia and patella IV, 3.9 
mm. long (tibia alone, 2.4 mm.). Epigynum longer than wide (22/15) 
resembling that of Z. subterreaneus (C. Koch) from which it may be dis-
tinguished by the details shown in Plate II, fig. 2. 
Type locality: Female holotype from Kamloops, British Columbia, 
October 26, 1929, (0. Bryant, collector). 
Type: U.S. N. M. Cat. No.1295. 
36. Orodrassus coloradensis (Emerton) 
Drassus coloradensis Emerton, Bull. United States Geol. Survey, 
3: 528, Fig. 19, 1877. 
Orodrassus coloradensis Chamberlin, Proc. Bio. Soc. Washington, 
35: 163, 1922. 
Records: Colorado, West Cliff, two females (T. D. A. Cockerell, col-
lector); Alberta, Banff, May 9, 1928, female; Calgary, female (0. Bryant, 
collector) . 
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37. Orodrassus durranti Chamberlin 
Orodrassus durranti Chamberlin, American Mus. Novit. No. 853, p. 7, 
Fig. 22, 1936. 
Record: Oregon, Lake Klamath, female. 
38. Orodrassus vastus (Banks) 
Drassus vastus Banks, Trans. American Ent. Soc., 23: 63, 1896. 
Orodrassus vastus Chamberlin, Proc. Bio. Soc. Washington, 35: 163, 
1922. 
Records: Alberta, Edmonton, April 2, 1924, female; Bilby, August, 
1924, female (0. Bryant, collector). 
Family Anyphaenidae 
39. Aysha decepta (Banks) 
Anyphaena decepta Banks, Proc. Ent. Soc. Washington, 4: 190, 1896. 
Aysha decepta Bryant, Psyche, 38: 121, Figs. 16, 27, 1931. 
Record: Colorado, Pikes Peak, female. 
40. Anyphaena aperta (Banks) 
Plate I, fig. 6 
Gayenna aperta Banks, Proc. California Acad. Sci. 11: 100, Fig.3, 1921. 
Anyphaena aperta Bryant, Psyche, 38: 114, Fig. 35, 1931. 
Male: Total length, 4.5 mm. Carapace, 1.8 mm. long, 1.5 mm. at the 
widest place, .8 mm. wide in front. Carapace dark reddish brown with ir-
regular light spots and streaks, the pars cephalica much lighter than the 
rest of the carapace. Sternum and endites light reddish brown, coxae and 
labium lighter. Legs reddish brown with irregular annulations at the dis-
tal ends of the femora and the proximal ends of the tibiae and metatarsi. 
Abdomen yellowish with dark brown streaks and spots; venter without 
distinct markings. Spiracle situated in the middle region of the abdomen, 
but slightly closer to the spinnerets than to the epigastric furrow. 
Anterior row of eyes slightly recurved, narrower than the procurved 
posterior row (11/14). Anterior median eyes about two-thirds as large as 
the anterior lateral and closer to the latter than to each other. Eyes of the 
posterior row subequal, the anterior median eyes removed from each 
other by about a diameter, much closer to the anterior lateral. Median 
ocular quadrangle about as long as wide, narrower in front than behind 
(5/7). Clypeus equal in height to about one-half the diameter of an an-
terior median eye. Tibiae I and II armed with 2-2-2 spines below; meta-
tarsi I and II armed with a basal pair of spines. Tibia and patella I about 
equal in length to tibia and patella IV. Tibia and patella I, 2.4 mm. long 
(tibia alone, 1.4 mm.). For details regarding the structure of the palpal 
organ see Plate I, fig. 6. 
Records: California, San Francisco, two males and a female; Washing-
ton, Tinino, male and female; Oregon, Astoria, male. 
Family Clubionidae 
41. Agroeca pratensis Emerton 
Agroeca pratensis Emerton, Trans. Connecticut Acad. Sci., 8: 190, Pl. 
VI, fig. 7, 1889. 
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Records: Washington, D. C., 2 females; British Columbia, Kamloops, 
October 26, 1929 (0. Bryant, collector), female. 
42. Clubiona abboti L. Koch 
Clubiona abboti L. Koch, Die Arach. Fam. der Drassiden, p. 303, Pl. 
XII, fig. 193, 1866. 
Record: Alberta, Beaver Lake, May 25, 1924, female (0. Bryant, col-
lector). 
43. Clubiona canadensis Emerton 
Clubiona canadensis Emerton, Trans. Connecticut Acad. Sci., 8: 181, 
Pl. V, fig. 4, 1889. 
Records: Alberta, Banff, July, 1925, female (0. Bryant, collector): 
Labrador, female; Aleutian Islands, female. 
44. Clubiona minutissima Petrunkevitch 
Clubiona minutissima Petrunkevitch, Bull. American Mus. Nat. Hist., 
29: 461, 1911. 
Record: Washington, D. C., two males. 
45. Clubiona tibialis Emerton 
Clubiona tibilis Emerton, Trans. Connecticut Acad. Sci., 8: 180, Pl. V, 
fig. 3, 1889. 
Records: Minnesota, St. Paul, female; Washington, D. C., males and 
females; Alabama, Selma, female. 
46. Clubiona californica, n. sp. 
Plate II, fig. 4. 
Female: Total length, 7.5 mm. Carapace, 2.8 mm. long, 2.1 mm. at the 
widest place, 1.6 mm. wide in front. Carapace dark reddish brown, pars 
cephalica with an indistinct median light longitudinal band. Sternum 
and coxae light reddish brown, labium and endites much darker. Legs 
reddish brown, lighter than the carapace, the femora darker than the 
other joints. Abdomen light reddish brown, the dorsum with dark median 
lanceolate band extending from the anterior end to a point about half way 
down the length of the abdomen; venter unmarked. 
Anterior row of eyes straight, narrower than the procurved posterior 
row (10 /15) . Eyes of the anterior row subequal and equidistant. Posteri-
or median eyes somewhat closer to the posterior lateral than to each other 
and about equal to them in size. Median ocular quadrangle about as long 
as wide, much narrower in front than behind (7/10). Clypeus equal in 
height to one-half the diameter of an anterior median eye. Lower cheli-
ceral margin armed with two robust teeth, upper margin armed with five 
teeth of which one is strong while the other four are weak. Tibiae I and 
II armed with 2-2 spines below. Metatarsi I and II armed with a basal 
pair of spines below, tibia and patella I, 2.4 mm. long (tibia alone, 1.5 mm.); 
tibia and patella IV, 3.0 mm. long (tibia alone, 1.9 mm.). For the structure 
of the epigynum see Plate II, fig. 4. 
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Type locality: Female holotype from San Francisco, California. 
Type: U. S. N. M. Cat. No. 1296. 
47. Clubiona carpenterae, n. sp. 
Plate II, fig. 7. 
Female: Total length, 5.7 mm. Carapace, 2.5 mm. long, 1.8 mm. at the 
widest place, 1.3 mm. wide in front. Carapace dark reddish brown above, 
the eye region much lighter, pars cephalica with an indistinct median 
light band. Sternum and coxae light yellowish brown, labium and en-
dites much darker. Legs light orange brown, contrasting with the dark 
carapace. Abdomen reddish brown above with a basal median lanceolate 
mark; venter light reddish brown without distinct markings. 
Anterior row of eyes slightly recurved, narrower than the procurved 
posterior row (13/18) . Anterior median eyes slightly smaller than the 
anterior lateral, about as far from the anterior lateral eyes as from each 
other. Eyes of the posterior row subequal, the posterior median closer to 
the posterior lateral than to each other. Median ocular quadrangle wider 
than long (12/7), much narrower in front than behind (7 /12). Clypeus 
equal in height to one-half the diameter of an anterior median eye. Tibiae 
I and II armed with 2-2 spines below, metatarsi I and II armed with a 
basal pair of spines below. Tibia and patella I, 2.5 mm. long (tibia alone, 
1.2 mm.); tibia and patella II, 2.7 mm. long (tibia alone, 1.7 mm.). Epi-
gynum as shown in Plate II, fig. 7. . 
Type locality: Female holotype from Labrador (no further data). 
Type: U. S. N. M. Cat. No. 1297. 
Explanation of Plate I 
FIG. 1-Gnaphosa labradorensis, n. sp., male, palpus 
FIG. 2-G. septentrionalis, n. sp., male, palpus 
FIG. 3--Sosticus projectus, n. sp., male, palpus 
FIG. 4-Litopyllus ambiguus, n. sp., male, palpus 
FIG. 5-Sosticus projectus, n. sp., epigynum 
FIG. 6-Anyphaena aperta (Banks), male, palpus 
FIG. 1-Herpyllus bensonae, n. sp., male, palpus 
FIG. 8--Gnaphosa septentrionalis, n. sp., epigynum 
FIG. 9-G. hirsutipes Banks, male, palpus 
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Explanation of Plate II 
FIG. 1-Herpyllus australis, n. sp., epigynum 
FIG. 2-Zellotes pullatus, n. sp., epigynum 
FIG. 3-Drassylus arizonensis (Banks), epigynum 
FIG. 4--Clubiona californica, n. sp., epigynum 
FIG. 5--Gnaphosa subparvula, n. sp., epigynum 
FIG 6-Gnaphosa tenebraisa, n. sp., epigynum 
FrG. 7- Clubiona carpenterae, n. sp., epigynum 
FIG. 8--Herpyllu s excelsus, n. sp., epigynum 
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BEHAVIOR OF BUTYRIC ACID-BUTYL ALCOHOL BACTERIA 
TOWARD ACETYLMETHYLCARBINOL AND ASPARAGIN1 
R. w. BROWN, G. L. STAHLY AND c. H. WERKMAN 
From the Bacteriology Section, Iowa Agricultural Experiment Station 
Accepted for publication December 28, 1937 
Acetylmethylcarbinol is a common product of bacterial dissimilation; 
however, it is usually reduced to 2,3-butylene glycol and only traces of 
the carbinol occur in the fermentation. Even among the strongly aerobic 
organisms of the genus Bacillus, the reduction takes place and only traces 
of acetylmethylcarbinol can be found. 
Harden and Walpole (1906) isolated and described both 2,3-butylene 
glycol and acetylmethylcarbinol from fermentations of glucose and man-
nitol by Aerobacter aerogenes. Harden and Norris (1912) found that 
Aerobacter aerogenes and Aerobacter cloacae when grown in a peptone 
solution containing any one of a series of sugars or polyalcohols, produce 
both acetylmethylcarbinol and 2,3-butylene glycol. 
Relatively few investigators have reported on the formation of acetyl-
methylcarbinol and 2,3-butylene glycol by anaerobic bacteria. McCoy, 
Fred, Peterson and Hastings (1926) found by qualitative tests that the 
carbinol was formed by Clostridium acetobutylicum from a variety of 
carbohydrates. 
Donker (1926) found that the Weizmann culture (Cl. acetonigenum) 
forms acetylmethylcarbinol equivalent to as much as 2.6 per cent of glu-
cose fermented but he detected no 2,3-butylene glycol. Cl. pectinovorum, 
Cl. Beijerinckii, Cl. Pasteurianum and CZ. saccharobutyricum did not pro-
duce acetylmethylcarbinol, although small amounts of 2,3-butylene glycol 
were isolated. 
Wilson, Peterson and Fred (1927) reported that acetylmethylcarbino] 
was formed by CZ. acetobutylicum as a regular end product, averaging 
from 300 to 400 mg. per liter. 
The present study deals with the behavior of the butyric acid-butyl 
alcohol bacteria (1) with respect to their formation or utilization of acetyl-
methylcarbinol and 2,3-butylene glycol and (2) the influence of asparagin 
on the yield of butyl alcohol. 
EXPERIMENTAL 
A commercial sample of acetylmethylcarbinol was purified by mixing 
with cold anhydrous ether, thoroughly stirring and filtering under vacuum. 
A snow-white, odorless, crystalline product was obtained. 
Quantiative determinations of acetylmethylcarbinol and 2,3-butylene 
glycol were made according to Stahly and Werkman (1936) and Brock-
mann and Werkman (1933) , respectively. 
The medium employed consisted of peptone one per cent, glucose 
one per cent and dipotassium phosphate two per cent. 
1 Journal paper No. J-511 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 572. 
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Two flasks of medium were inoculated with each strain. One of each 
pair of flasks received a definite quantity of acetylmethylcarbinol which 
had been sterilized in water solution in an air-tight flask to prevent vola-
tilization. The flasks were incubated in Mcintosh and Fildes anaerobic 
jars at 37° C. At the conclusion of the fermentation the contents of the 
flasks were analyzed for acetylmethylcarbinol and 2,3-butylene glycol. 
Qualitative tests for 2,3-butylene glycol were made by bromine oxida-
tion and conversion to nickel dimethylglyoxime on cultures in which the 
acetylmethylcarbinol had disappeared. A precipitate of the glyoxime in-
dicated the presence of the glycol. 
The source of each culture used in this investigation was as follows: 
Cl. acetobutylicum B (1 C) and CZ. acetobutylicum K (3 C), Dr. Leo. F. 
Rettger, Yale University; Cl. acetobutylicum K (14 C), Dr. A. M. Wynne, 
University of Toronto; Cl. acetobutylicum K (F 1), (12 B) and (MS), Dr. 
L. M. Christensen, of the Chemical Foundation; Cl. felsineum (5 D), Cl. 
butylicum (2 D), Cl. saccharobutyricum (3 D), Cl. Beijerinckii (4 D), 
U:i'J I I 
TABLE 1. Behavior of butyric acid-butyl alcohol bacteria toward acetylmethylcarbinol 
Final products 
Acteylmethyl- 2, 3-Buty-
carbinol Acetylmethyl- lene 
Culture added carbinol glycol 
number Name mM mM mM 
2D Cl. butylicum 0 0 00.9 
2D Cl. butylicum 14.8 0 lS.1 
2D Cl. butylicum 0 0 00.7 
2D Cl. butylicum 14.8 0 14.6 
6D Cl. Pasteurianum 0 0 1.0 
6D Cl. Pasteurianum 14.8 0 lS.3 
6D Cl. Pasteurianum 0 0 00.2 
6D Cl. Pasteurianum 14.8 0 14.4 
lOC Cl. pectinovorum 0 0 1.0 
lOC Cl. pectinovorum 20.2 0 19.1 
4D Cl. Beijerinckii 0 0 1.3 
4D Cl. Beijerinckii 16.0 0 lS.2 
3D Cl. saccharobutyricum 0 0 1.3 
3D Cl. saccharobutyricum 20.2 0 19.1 
SD Cl. felsineum 0 1.1 00.3 
SD Cl. felsineum 20.2 21.4 0.0 
MS Cl. acetobutylicum 0 0.8 0.9 
MS Cl. acetobutylicum 40.7 46.6 ...... 
Fl Cl. acetobutylicum 0 1.3 0.0 
Fl Cl. acetobutylicum 20.2 21.7 0.0 
14C Cl. acetobutylicum 0 1.8 0.1 
14C Cl. acetobutylicum 20.2 21.6 00.0 
lCB Cl. acetobutylicum 0 1.0 0.0 
lCB Cl. acetobutylicum 14.8 13.S 0.0 
lCB Cl. acet;obutylicum 0 1.3 00.0 
lCB Cl. acetobutylicum 16.0 16.4 0.0 
3CK Cl. acetobutylicum 0 1.1 ······ 
3CK Cl. acetobutylicum 40.7 46.1 0.9 
12B Cl. acetobutylicum 0 1.3 1.2 
12B Cl. acetobutylicum 40.7 46.7 0.4 
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TABLE 2. Effect of asparagin on yields of "solvents" in corn ma.sh 
Percentage total "solvents" 
Culture 5 per cent 5 per cent corn mash plus 
Species number corn mash 0.1 per cent asparagin 
Cl. butylicum 1 0.00 23.12 
Cl. butylicum 3 0.00 21.25 
Cl. butylicum 6 0.00 20.44 
Cl. butylicum 25 0.00 20.70 
Cl. butylicum 43 0.00 24.73 
Cl. butylicum 53 0.00 26.43 
Cl. butylicum 2D 0.00 24.21 
Cl. saccharobutyricum 3D 0.00 0.00 
Cl. Beijerinckii 4D 0.00 0.00 
Cl. Pasteurianum 6D 0.00 0.53 
Cl. Pasteurianum 12C 0.00 0.26 
Cl. pectinovorum lOC 0.00 00.00 
Cl. acetobutylicum lC 14.53 15.62 
Cl. acetobutyUcum 3C 20.44 19.36 
Cl. acetobutylicum 14C 20.44 21.52 
Cl. acetobutylicum Fl 22.05 21.52 
Cl. acetobutylicum MS 20.98 19.80 
Cl. acetobutylicum 12B 22.59 21.52 
Cl. felsineum SD 22.59 20.98 
Cl. Pasteurianum (6 D), Prof. A. J. Kluyver, Delft, Holland; CZ. pectino-
vorum 859 (10 C), American Type Culture Collection; Cl. butylicum (1), 
(3), (6), and (25), isolated from silage; Cl. butylicum (43) and (53), iso-
lated from soil. 
The results in table 1 show an interesting behavior of these anaerobic 
forms. A sharp division of the group occurs on the reduction of acetyl-
methylcarbinol to 2,3-butylene glycol. Cl. acetobutylicum and Cl. felsin-
eum, forming one group, produce acetylmethylcarbinol but fail to reduce 
it to the glycol. This behavior is a little surprising in view of the known 
marked reducing ability of these organisms. Their reduction of butyric 
and acetic acids to the corresponding alcohols and of the latter acid to 
acetone is well known. Ability to reduce acetylmethylcarbinol is a wide-
spread property of bacteria and its reduction is expected before that of 
butyric acid to butyl alcohol. The results were clear cut and there were 
no exceptions. 
In the second subgroup were Cl. butylicum, Cl. Pasteurianum, Cl. 
pectinovorum, Cl. accharobutyricum, and Cl. Beijerinckii. All form 2,3-
butylene glycol; added acetylmethylcarbinol is rapidly reduced to the 
glycol and the carbinol does not occur as an end product. It is apparent 
that in the dissimilation of glucose, acetylmethylcarbinol is formed as an 
intermediate product by these species. It is not present at the conclusion 
of the fermentation because it is reduced to the glycol as rapidly as formed. 
The presence of 2,3-butylene glycol is thus accounted for. 
The behavior of the butyric acid-butyl alcohol bacteria with acetyl-
methylcarbinol provides a convenient and rapid method for their differen-
tiation into two groups by testing for the presence of acetylmethylcarbinol 
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in fermented glucose media. If the test is positive the organism may be 
grouped with Cl. acetobutylicum and Cl. felsineum; the orange color of 
the latter differentiates it from Cl. acetobutylicum. If the test is negative, 
the organism belongs to the larger group comprising typical butyric acid 
bacteria. Confirmation may be made by adding suitable quantities of 
acetylmethylcarbinol to the medium and testing for its reduction after a 
few hours. However, it is not implied that the test for acetylmethylcarbinol 
differentiates "butyrics" and "butyls". Cl. butylicum in corn mash me-
dium is a "butyric" type, whereas the addition of asparagin yeast extract 
or peptone to the medium results in the formation of large quantities of 
butyl and isopropyl alcohols with little butyric acid. 
In table 2 is shown the effect of asparagin on the yields of "solvents" 
by the butyric acid-butyl alcohol bacteria. Tatum, Peterson and Fred 
(1935) have shown this effect of asparagin on the "butyric acid forms". 
It is apparently limited to Clostridium butylicum inasmuch as we have 
never observed the effect on any other than a butyl alcohol-isopropyl 
alcohol producing culture. 
TABLE 3. The effect of increasing the concentration of asparagin upon the yield o1 
"solvents'' 
Culture Grams of asparagin added Percentage of 
Species number to 300 cc. of corn mash "solvents" 
Cl. bu~ylicum 2D .000 .00 
2D .050 0.53 
2D .100 1.07 
2D .200 9.00 
2D .300 16.60 
2D .400 20.97 
53 .000 .00 
53 .050 1.88 
53 .100 9.67 
53 .200 14.52 
53 .300 18.83 
53 .400 20.44 
53 .500 20.44 
53 .700 20.70 
The data show that cultures 3D, 4D, 6D, 12C and lOC, which may be 
considered as essentially butyric acid types, fail to produce "solvents" in 
corn mash and are not stimulated to do so by the presence of asparagin. 
Cultures 2D, 1, 3, 6, 25, 43 and 53 do not produce alcohols in corn mash 
alone, but in the presence of asparagin, large yields of butyl and isopropyl 
alcohols occur. Acetone is not present. 
That the asparagin effect is quantitative is shown by table 3. A series 
of flasks containing 5 per cent corn mash (15 gm. per 300 cc.) and increas-
ing quantities of asparagin was inoculated with Cl. butylicum. One flask 
containing no asparagin served as a control. The yield of solvents increases 
progressively with increase in concentration of asparagin to 0.4 gm. per 
300 cc. of medium (0.13 per cent). 
Inasmuch as yeast protein in suitable concentration appears to be sub-
stantially as stimulating as asparagin (table 4), it was considered prob-
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TABLE 4. Alcohols from corn mash plus asparagin or dried yeast 
Com mash plus 0.1 per cent Corn mash plus 1 per cent 
asparagin dried yeast 
Culture Percentage Percentage Percentage Percentage Percentage Percentage 
number butyl isopropyl acetone butyl isopropyl acetone 
Cl. butylicum 
2D 13.50 9.10 0.00 12.40 8.53 0.00 
53 16.26 6.40 0.00 15.33 5.80 0.00 
25 17.16 8.66 0.00 14.98 6.00 0.00 
able that the stimulating effect might not be linked with a specific type 
of amino acid. It is recognized that asparagin does not occur in appreciable 
amounts in yeast protein, or at least in concentrations necessary to pro-
duce marked stimulation. It appears desirable to distinguish between the 
so-called growth stimulants or metabolic stimulants which have been re-
ported to be highly specific for certain organisms, and nitrogenous con-
stituents. The normal course of fermentation of a given species may be 
strikingly modified by the absence of more readily available nutrients, 
although development and abnormal dissimilation may occur. 
In view of the above considerations, a variety of nitrogenous sub-
stances has been tested regarding their influence on the dissimilation of 
corn mash. The usual procedure of adding the test substance to 300 cc. 
of 5 per cent corn mash has been followed throughout. The cultures tested 
were mainly the isopropyl alcohol-producing organisms and in addition 
those cultures which failed to produce "solvents" in the presence of aspara-
gin. The mono-amino acids from zein were prepared by acid hydrolysis and 
extraction with butyl alcohol according to the method of Dakin (1920). 
The synthetic mixture of mono-amino acids was composed of the acids 
TABLE 5. The effect of yeast and potato extracts, asparagin and pepton.e on the pro·-
duction of "solvents" in corn mash 
Percentage "solvents" in 300 cc. of corn mash 
plus different nitrogenous substances 
Cul- Com 1.5 60cc. o.400 1.5 5 
tu re mash gm. crude gm. gm. gm. 
num- con- yeast potato aspara- pep- dried 
Species her trol extract extract gin tone yeast 
Cl. butylicum 53 0.78 22.62 13.26 18.72 19.11 23.01 
Cl. saccharobutyricum 3D 0.78 0.78 0.78 0.78 0.39 0.78 
Cl. Beijerin.ckii 4D 0.78 1.56 1.56 1.56 0.39 1.56 
Cl. Pasteurianum 6D 0.78 3.90 1.56 1.95 1.17 1.95 
Cl. Pasteurianum (861) 12C 0.39 1.95 0.78 1.17 0.39 1.95 
Cl. pectinovorum (859) lOC 0.78 1.56 0.39 0.39 0.39 0.39 
Cl. acetobutylicum (I) 2C 21.06 22.17 21.84 25.22 22.17 
Cl. acetobutylicum 101 24.96 22.59 18.72 19.80 22.59 
Cl. felsineum SD 21.45 20.98 17.53 27.30 22.59 
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TABLE 6. The influence of certain nitrogenous substances on the production of 
"solvents" in. corn. mash 
Substances added to 300 cc. of 5 per cent corn mash 
Corn mash control 
Asparagin, 300 mgm. 
Aspartic acid, 300 mgm. 
Adenine, 300 mgm. 
Cystine, 300 mgm. 
Glycine, 300 mgm. 
Phenylalanine, 300 mgm. 
Arginine carbonate 
Uracil, 300 mgm. 
Urea, 300 mgm. 
Tyrosine, 300 mgm. 
Mono-amino acids from zein, 300 mgm. 
Dried yeast, 5 grams 
Yeast extract (powder), 2 grams 
Ammonium sulphate, 300 mgm. 
Cystine, 300 mgm. plus (NH.) ,so,, 300 mgm. 
Glutathion, 25 mgm. 
Mono-amino acids from zein, 300 mgm. plus (NH.) ,SO, 
Mono-amino acids, (synthetic mix) 
Percentage of "solvents" 
Culture I Culture 
No.25 ~
0.80 0.54 
19.90 17.75 
6.99 
11.29 
3.76 1.34 
2.69 1.61 
1.07 
7.26 1.07 
5.38 1.07 
10.22 3.23 
2.15 1.61 
16.14 14.52 
20.98 21.52 
19.90 20.44 
9.36 
10.92 
1.56 
14.82 14.04 
8.19 9.36 
present in zein in approximately the proportion in which they occur. The 
results are presented in tables 5 and 6. 
The data presented in table 5 show that Cl. butylicum 53, the iso-
propyl alcohol-producing organism, was markedly stimulated by aspara-
gin, potato extract, yeast protein and peptone. There was no appreciable 
effect noted with the remaining species of Cl. butylicum 2D, Cl. Beijer-
inckii 4D, Cl. Pasteurianum 6D, Cl. Pasteurianum 12C (861), and Cl. pec-
tinovorum lOC (859) , with any of the nitrogenous substances used. The 
yields of "solvents" produced by the butyl-acetone organisms were prac-
tically the same with and without the added nitrogen. 
A variety of nitrogen-containing substances including ammonium 
sulphate and urea (table 6) appear to exert some influence on the yields 
of alcohols from the fermentation of corn mash by isopropyl alcohol-
producing organisms. 
SUMMARY 
The butyric acid-butyl alcohol group of bacteria may be subdivided 
into two sections on the basis of their behavior toward acetylmethylcar-
binol: (1) those forming the carbinol but failing to reduce it to 2,3-
butylene glycol, Clostridium acetobutylicum and Clostridium felsineum, 
and (2) those reducing added carbinol to 2,3-butylene glycol. 
Addition of asparagin to a corn mash medium diverts the fermenta-
tion to form large yields of butyl alcohol in place of butyric acid. Yeast 
extract and peptone exerted a similar effect. 
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The effect of asparagin proved to be proportional to its concentration 
and is apparently specific for Cl. butylicum since it was not observed with 
any but the isopropyl alcohol-forming organism. 
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AN INTERESTING TEXAS CUCURBIT 
CUCURBITA PEPO, L. VAR OVIFERA ALEF. (C. TEXANA, GRAY)1 
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Accepted for publication January 5, 1938 
More than a century ago, Berlandier, an intrepid Swiss botanical ex-
plorer and protege of the elder DeCandolle, journeyed from Europe to old 
Mexico, where he later joined the staff of the United States-Mexican 
Boundary Commission. In 1835, while botanizing in the region, which later 
became the state of Texas, he collected a species of cucurbit. A decade 
later, Jacob Lindheimer, a German botanist, observed the same plant and 
noted that it was "apparently indigenous to this region," but Asa Gray, who 
made a critical study of the Plantae Lindheimerianae2 , stated that the "py-
riform fruit is just that of Cucurbita ovifera, of which our plant may pos-
sibly be only a naturalized variety." This opinion was shared by Coulter, 
who stated, "The common pumpkin has a naturalized variety in southern 
and western Texas, the habitat, foliage and fruit of which is too well known 
to need a description." Viewed, therefore, as a garden escape this plant 
was of no special interest to either the botanist or horticulturist. 
A century later, fragments of cucurbit material were recovered from 
archeological explorations made in the southwest. Many of these speci-
mens were found to be in an excellent state of preservation despite their 
age, some of them being very ancient, coming from the basket-makers, a 
culture antedating the cliff-dwellers, the most ancient agricultural peoples 
on the North American continent of whom we have any knowledge. 
Among these fragments were found specimens of rind, pedicel and seed, 
identified by the writer8 as Cucurbita pepo, L. The archeologists have 
also brought to light historic specimens of pottery fashioned after forms 
of this same species of cucurbit. Many of these faithfully depict in detail 
the shape and pedicel markings of the forms from which they were mod-
eled. Thus we now have three important sources of evidence from the 
same general region as to the nativity of this plant. This information leads 
to the question-is this Texas cucurbit a garden escape as suggested by 
Gray, or is it the proto-type from whence came the numerous cultivated 
forms of Cucurbita pepo? Is it an indigene or a foreigner? 
An auto trip through the southwest in 1934 and again in 1936 afforded 
the writer his long sought opportunity to observe this plant in the wild. 
Through the courtesy of Professor B. C. Tharp of the University of Texas, 
it was located in Travis County, Texas, on the flood plain of the Colorado 
River, where it grows luxuriantly in the thickets. The environs strongly 
indicate that it is an indigenous plant and the surroundings do not sug-
gest that of a garden escape. Bailey, who recently "overtook this plant in 
1 Journal paper No. J-492 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 298. 
'Boston Journal of Botany. 1850. 7:(11), Art. 1. 
•Erwin, A. T., 1931. "Nativity of the Cucurbits," Bot. Gazette, XCI (1). 
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the wild," observes that it is "apparently indigenous in river valleys of 
southern Texas;" and Tharp of the University of Texas, who has ob-
served this plant for se:veral years and collected it in various localities, 
thinks there is no doubt as to its being a native plant. 
Berlandier found it along the San Fernando River (Plate III); Lind-
heimer's specimens came from the upper Guadaloupe; Tharp found it on 
the Edwards Plateau; Bailey reports it from the lower Colorado River; but 
Castetter writes the author that although he has been on the lookout for 
this species in New Mexico, he has never encountered it. Although from 
its ecology this species might occur in the state of Chihuahua, Mexico, yet 
we never found it in our by-no-means thorough searches in the winter of 
1935; nor did we discover specimens from this region in the herbarium of 
the Instituto de Biologia of the University of Mexico, though Miss Bravo, 
of the botany staff of that institution, believes that it is native to this state 
and that a more diligent search would be quite worthwhile. 
Botanically, this Texas cucurbit has had a varied career. It was first 
described by Scheele under the names Tristemon texana, gen, et. sp. nov., 
then transferred to the genus Cucurbita by Gray; and later the species 
texana was determined to be a form of pepo. 
Cucurbita pepo is a multifarious species and embraces a number of 
diverse types, one of which is the group of ornamental yellow-flowered 
garden gourds, designated as variety ovifera. It is to this variety, the least 
removed from the feral type, that the Texas plant is associated. 
We have grown the Texas plant in the greenhouse at Iowa State Col-
lege and also in the garden, and with the exception of certain minor 
characters, to which we shall refer later, it is indistinguishable from ovi-
fera (Plate II, fig. A). In flower, leaf, fruit and seed, texana shares essen-
tial characteristics with the ornamental gourds, clearly belongs to the same 
botanical variety as ovifera, and, on the basis of priority, should become a 
synonym of that variety. 
One of the minor variations between C. texana and the garden gourds 
is in the calyx. The sepals of the Texas form are branched near the tip, a 
character we have not observed in the garden oviferas. The leaves of a 
young plant are entire, while on the older parts of the vine they are often 
deeply incised with lobes similar to those of the ornamental gourds. The 
spicules are apparently less pronounced than in the cultivated oviferas. 
Judging from our greenhouse plants this species is a short-day plant, since 
they have flowered freely in the months of November and December at 
Ames. 
1£ we accept texana as being a form of Cucurbita pepo variety ovi-
f era, then logically we must assume that the cultivated forms of ovifera 
came from texana rather than texana is a naturalized form of the latter. 
The plasticity of the oviferas is shown in Bailey's interesting book on "The 
Garden of Gourds," and this variety embraces a multiplicity of variations 
in form and color. 
Texana readily responds to culture. The greenhouse plants produce 
leaves more than double the size of those of the wild. They flower freely 
and pistillate flowers appear rather early in the reproductive phase, which 
is unusual in most of the cucurbits. In view of these facts, it does not call 
for any stretching of the imagination to assume that other variations, such 
as a thickening of the rind and the elimination of the bitter taste, also, may 
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. have occurred to this Texas plant, giving us our edible as well as orna-
mental forms of Cucurbita pepo. 
Linnaeus based his description of Cucurbita pepo upon specimens 
grown under cultivation, nativity not designated. The fact may also be 
noted that this plant was unknown to the old world in pre-Columbian 
times. Its introduction into Europe is readily accounted for by the Span-
ish Fathers who sent back to the old world seed of numerous plants new 
to them. 
It is significant that Cucurbita pepo existed in the southwest ages ago, 
as attested by archeological evidence, and that the Texas form of the same 
species has survived in the wild over a considerable range in this same 
region for over a century. Is texana to be accepted as the prototype of our 
cultivated forms of Cucurbita pepo? We think the preponderance of the 
evidence, to date, is to that effect. 
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PLATE I 
Cucurbita pepo L. var. ovlfera Alef. (C. texana Gray) 
Figs. A, 13, C-Pistillate flowers (3 x). 
Fig. D-Tendril. 
Fig. E---Pollen grain (250 x). 
Fig.s F, G--Staminate flowers (3 x). 
Fig. H-Leaf of young plant. 
Fig. I-Stem (10 x). 
Drawings by Miss Marie A. Corlcle 
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PLATE II 
Cucurbita pepo L. var. ovifera Alef. (C. texana Gray) 
Fig. A-Plant grown in greenhouse. 
Fig. B-Typical fruit from a wild plant. The fruits vary in form from pyriform to 
globular. 
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PLATE III 
Cucurbita pepo L . var. ovifera Alef. (C. texana Gray) 
Berlandier specimen from the Gray Herbarium, Courtesy of Dr. M. L. Fernald. 
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ZEROS OF THE LEGENDRE POLYNOMIALS 
E. R. SMITH 
From the Department of Mathematics, Iowa State College 
Accepted for publication January 21, 1938 
In this paper two formulas which may be used to compute approxi-
mate values for the zeros of the Legendre Polynomials are derived. One 
of the formulas is intended primarily for the values near zero and the 
other for the values near unity. Either of the two formulas is suitable for 
computing the middle values. 
The method by which the formulas have been obtained is an adapta-
tion of the one which was used by Zernike1 in obtaining the largest zero 
of the Hermitian polynomials. A table giving the zeros, to six decimal 
places, up to n = 40 is included. 
The small zeros. The polynomials of Legendre are solutions of the 
differential equation, 
(1) (1 - x 2) Pn" (x) - 2x Pn' (x) + n (n + 1) Pn (x) = 0, 
in which n takes on successive positive integral values. If x = y ,\ t, where 
1 
,\ = , is substituted in the equation it is changed to 
n(n+ 1) 
(2) (1- .\t2)Pn" - 2.\tPn' + Pn = 0. 
The solutions of this equation which correspond to the polynomials of 
Legendre are, for nan even integer, 
v ~ ~ 
1--+ (1- 2·3,\)- -(1- 2·3.\) (1- 4·5,\)-+ 
2! 4! 6! 
(3) 
... ' 
and for nan odd integer, 
t 3 t~ 
t -(1-1·2.\)-+ (1-1·2.\) (1- 3·4.\)- -
3! 5! 
(4) 
It is readily seen that (3) and (4) have the same zeros as the polynomials 
of Legendre. 
Let 
(5) Pn = wo + w1.\ + w2.\2 + w3,\8 + ... 
where w0, w1, w2, w3, • • • are functions of t which are independent of the 
parameter,\. We substitute (5) in (2) and obtain 
1 Zernike, Eine asymptotic Entwickelung filr die grosste Nullstelle der Hermite-
schen Polynome, Proc. K. Akademie van Wetenschappen Amsterdam, 34:673. (1931). 
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(1 - ,\t2) (wo" + w/',\ + w2",\2 + 
- 2,\t (wo' + w1' ,\ + w2' ,\2 + 
+ ( wo + c.o1 ,\ + w2 ,\ 2 + 
wo" + wo = O, 
w1" + w1 = ~ ( t2wo') , 
dt 
II+ - d (t2 ') w2 w2-- w1 , 
dt 
......... , 
"+ - d(2 ) Wn Wn - t Wn-1 , 
dt 
) 
) 
)= 0. 
If the subscript of Pn is even the solutions of these equations must 
satisfy the following initial conditions: 
for t = 0, wo = 1 and wn = 0, 
wo'= 0 and wn'= 0. 
If the subscript of P 0 is odd then 
for t = 0, c.oo = 0 and wn = 0, 
wo'= 1 and wn'= 0. 
To solve the system of equations (6) we let 
By substituting this expression in (2) we may obtain recurrence relations 
for the determination of p 0 and q0 • It follows that 
Hence 
(Pn" - 2qn') wo + ( qn" + 2pn') wo' = 
[t2 (P"n-1 - 2q'n-1 -Pn-1) + 2t (P'n-1 - qn-l)] WO 
+ [t2 (q"n-1 + 2p'n-1 - q n-1) + 2t (q'n-1 + Pn-1)] wo'· 
Pn11 + 2qn' = t 2 (P"n-1 - 2q'n-1 - Pn-1) + 2t (p'n-1 - qn-1), 
qn" + 2pn' = t 2 ( q" n-1 + 2p' n-1 - qn-1) + 2t ( q' n-1 + Pn-1) • 
The general solution for w0 may be written as 
wo = P ooio + qowo', 
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where p0 and q0 are constants. Hence the initial conditions require that 
p 0 =1 and q0 = 0. Using these values the foregoing equations may be 
successively solved for p 0 and q0 so as to satisfy the initial conditions. 
For n an even integer we obtain 
Po=l, 
qo=O, 
t2 
Pi=-, 
4 
t 3 t 
qi =6 + 4' 
1 11 3 
P2 = - -t6 + -t4 - -t2, 
72 96 32 
7 7 3 
q2 = - t 5 + - t 3 - - t, 
60 48 32 
23 427 35 23 
p3 =---ts + --t6 - -t4 + - t2 
1440 5760 384 128 , 
1 9 1733 193 5 29 s 23 
qg = - 1296 t + 20160 t7 + 1820 t - 192 t + 128 t, 
1 55721 35521 3829 1917 1549 
p4 = 31104 t 12 - 3628800 tlO + 645120 ts - 46080 ta + 6144 t4 - 2048 t 21 
1 4091 12499 873 1733 1549 
q4 = - 810 tll + 60480 t 9 + 161280 t7 - 5120 t 5 + 3072 ts - 2048 t, 
41 617603 565913 32659 30125 
p5 = 622080 t l4 - 43545600 t12 + 12902400 tlO - 430080 tS + 73728 ta 
50875 44679 
- --t4+--t2 
24576 8192 , 
1 15913 438981 163397 15283 
q5 = 933120 t15 - 10886400 tia + 7884800 tll + 2580480 to - 68016 t 7 
120107 47777 44679 
+ --t5 - --t8 + --t 
122880 12288 8192 , 
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For n an odd integer the corresponding solutions are 
Po=l, 
qo= 0, 
1 1 
P1=-t2--, 
4 4 
1 8 1 qi=-t +-t, 
6 4 
1 11 5 5 
P2 = - - t6 + - t4 - - t2 + - ' 
72 96 32 32 
7 5 5 
q2 = - t5 + - t8 - - t, 
60 48 32 
23 149 23 31 31 
p3 = - 1440 tB + 1920 t 6 - 192 t 4 + 128 t2 - 128 ' 
1 1733 137 31 31 
qa = - 1296 t9 + 20160 t 7 + 1920 t 5 - 192 ts + 128 t, 
1 p4=--tl2_ 
31104 ... ' 
4 = - 2.._ tll 3077 t9 3011 t7 - 545 t5 + 1795 t3 - 1795 t, 
q 810 + 45360 + 53760 3072 3072 2048 
41 p - tl4 
5 
-622080 -
1 q5=--t13_ 
933120 
... ' 
... ' 
2k+l Let a be a zero of w0• It is evident that for n even a = --7r and for 
2 
n odd a = k7r, where k = 0, 1, 2, 3, . . . . 
We now assume that the zeros of P0 are a+ hand let 
(7) h=C1A.+C2A.2 +CaA.3-f- ... , 
where C1, C2, C3, . . . are constants independent of A.. Then 
(8) 
ZEROS OF THE LEGENDRE POLYNOMIALS 267 
If (5) and (7) are substituted in (8) an identity is obtained in which 
the coefficients of the successive powers of >.. vanish. In this manner a 
system of equations are obtained for the determination of the constants 
C1, C2, Cs, . . . . We obtain 
(wo + w1>.. + w21\2 + w3>..8 + ... ) 
+ (C1>.. + C2>..2 + Ca>..3 + ... ) ((l)o' + wi'>.. + wl>..2 + ws'>..8 + ... ) 
1 
+-(C1>.. + C2>..2 + Ca>..8+ )2 (wo" + w1">.. + wl'>..2 + wa">..3 + . ) 
2 
1 
+-(C1>.. + C2>..2 + . ) 3 (wo"' + w1"'>.. + w2"'>..2 + ... ) 
6 
+ ....... =0. 
The vanishing of the coefficients of the powers of >.. give the following 
equations: 
wo= 0, 
(9) w1 + C1wo' = 0, 
1 
w2 + C1wi' + C2w3' + - C12wo" = 0, 
2 
wa+C1w2' +C1wi' +Cawo' +2-c12w1" +C1C2wo" +~C13wo"'=0, 
2 6 
We may show that fort= a and nan even integer we may substitute 
the following or their corresponding negative values in (9) : 
wo = 0, 
' wo =-1, 
wo" = 0, 
wo"'= 1, 
a 3 a 
w1 =----, 
6 4 
- 3 2 1 
---a--, 
4 4 
,,_ 1 s 7 
w1 --a --a, 
6 4 
7 7 
w1"'= -a2 - -4 4' 
. 1 31 
w1•v= --a2+-a 
6 4 ' 
..... ' 
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w2 = ]__ a 5 - 7_ as + _!.a, 
60 48 32 
w2' = .2., a6 - 67 a4 - 11 az + ~ ' 
72 96 32 32 
,,_ 17 5 149 8 19 
w2 --a --a --a, 
60 48 32 
Ill - 1 6 299 4 317 2 19 
w2 ---a +-a --a - -
72 96 32 32' 
......... ' 
- 1 9 1733 7 193 5 29 s 23 
&13 ---a ---a ---a +-a --a, 
1296 20160 1920 192 128 
I _ 11 B 3893 O 79 4 35 2 23 
ws - --a ---a --a +-a --
4'80 5760 192 128 128 ' 
wa"= _l_a9 + 1601 a1 - 8447 a5 - 275 as+ ~a, 
1296 4032 1920 192 128 
......... ' 
- 1 11 4091 9 2499 7 
w4 --a ---a +--a+ ... , 
810 60480 161280 
I _ 1 12 ' 105001 lO 428257 S 
w.i - - 31104 a + 3628800 a - 645120 a + . . ' 
......... ' 
w5 = __ 1_ a15 + 15913 a 1 8 _ 43891 au + 
933120 10886400 7884800 ... ' 
When these values have been substituted in the equations (9) the 
following solutions may be obtained: 
as a 
Ci= ----, 
6 4 
1 1 5 
C2 = - a5 + - a8 + - a, 
120 12 32 
Ca= - _l_a1 __ _!_a5 +_!_as -~a, 
5040 160 192 128 
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C 1 9 1 31 5 53 8 1795 4=--a +--a7+-a --a +--a, 
362880 5040 768 128 2048 
1 5 1 9 3211 7399 C:; = - -a11 - --a - --a7- --a5 
11! 4 9! 161280 15360 
+ 42337 as _ 48439 a, 
12288 8192 
It may be shown that the same results are obtained for C1, C2, C3, • • • 
when n is an odd integer. We then write for the zeros of Pn (t) the follow-
ing approximation formula: 
a 8 1 
zero = a - (- + - a),\ 
3! 4 
+( 1 5+ 2 1 8 5 ) 2 
-a - ·-a + -a,\ 
5! 4 3 32 
(10) -(!..,a7 + ~ . .2a5 - ~a8 + _E_a)A.8 
7! 4 5! 192 128 
+ (_]:a9 + .±.2a7 + _E_a5 - ~as + 1795 a)f..4 
9! 4 7! 768 128 2048 
- (__!___all+ ~.!.., a9 + 3211 a7 + . . . ) f..5 
11! 4 9! 161280 
+ ....... . 
Since x =v'A. t, the corresponding values of x which are the zeros of 
P n(x) are obtained at once by multiplying by y',\ When this is done the 
following formula is obtained for the approximation of the zeros: 
,\ - ,\8/2 -(11) zero = (1 - -)sinay' A. -a--cosay'A. + o 
8 8 
where 
() = ~ a,\5/2 
32 
+ (~as- ~a),\7/2 
192 128 
+ (~a5 - ~as + 1795 a)f..9/2 
728 128 2048 
+ ( 3211 a7 _ 7399 a5 + . .. )A.1112 
161280 15360 
+ ..... . . 
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The zeros near unity. In equation (1) substitute x = 1 + 2,\t and 
obtain: 
(12) (t + ,\t2 )Pn" + (1+2,\t)Pn' - Pn = 0. 
Let 
(13) Pn = Vo+ V1A + V2A2 + V3,\8 + 
and obtain from (12) 
(t + ,\t2 ) (vo" + V1"A + V2",\2 + . . . ) 
+ (1 + 2,\t) (vo' + V1'A + V2'A2 + . . . ) 
-(Vo+ V1A + V2A2 + ... )= 0. 
From this identity we set up the following system of differential equa-
tions for the determination of v0, v1, v2, V3, . . . . 
tvo" + vo' - Vo = 0, 
tv1" + vi' - V1 = - ~ (t2v0'), 
dt 
t " + ' - d (t2 ') V2 V2 - V2 - - V1 , 
dt 
.. . ...... ' 
" ' - d 2 1 tvn + Vn - Vn - - -(t V n-1), 
dt 
A particular solution for the first of these differential equations is seen to 
be in the form of a Bessel's function 
(14) vo= J o(2iyt) 
t 2 t3 
= 1 + t + [2!] 2 + [3!] 2 + 
To obtain the solution for Vn (n > 0) we assume that 
where rn and Sn are functions oft. Substitutions give the following recur-
rence relations: 
t 2rn" + trn' + 2tsn' - Sn= - t 3r''n-1 - 2t2r'n-1 - t2rn-l - 2t2s'n--l 
2t2rn' + t 2Sn" - tsn' +Sn= - 2t3r'n-l - t 2r n-l - t3s"n-1 -- t 2Sn- l· 
Solution for the successive expressions for rn and Sn gives 
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1 
r1 = --t, 
3 
1 1 2 S1 = -t--t 
3 3 ' 
1 1 2 1 8 
r 2=-t+-t +-t, 
15 10 18 
1 2 2 7 3 s~ = - -t - -t +-t 
- 15 15 30 ' 
8 4 " 103 8 53 4 
r 3 = - -t - -t----t - -t 
315 105 1890 810 
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Let f3 be a zero of v0 , and assume that the zeros of the transformed poly-
nomial are of the form 
/3 + b1.\ + b 2.\2 + ba.\8 + . . . . 
We may obtain an expression for the zeros in a manner similar to that 
which has already been used. Computation gives 
b1 = - 2. /3 + ~ {32' 
3 3 
b2 = l1 /3 - ~ /32 + ~ /38 
90 5 45 ' 
ba - - ~ /3 + 241 132 - _±_ 13s + ~ /34 
- 1134 2835 105 135 ' 
b4= ..... . . ' 
We now return to the original variable 
x = 1+2.\t 
and write for the values of x which are zeros of the polynomials of Le-
gendre the following expression: 
zero= 1+2{3.\ - ~(/3- {38),\2 + 2_(11{3-18{32 + 4{38),\8 
3 45 
(15) - - 1- (305{3 - 482 {32 + 216 {3 8 - 42 {34 ) ,\ 4 + 
2835 
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The values of /3 which are zeros of Bessel's function may be taken from 
existing tables2• We obtain directly the value of 2i y /3 , from which /3 may 
be obtained. Thus if the successive zeros are /31, /32, /33, . . . in ascending 
order of magnitudes 
/31 = - 1.4457965 
/32 = - 7.6178156 
/33 = -18.7217516 
/34 = -34. 7603069 
/35 = -55.7330759 
/36 = -81.6408382 
In computing the zeros of the Legendre Polynomials, actual work has 
shown that beginning with the smallest value about two-thirds should be 
computed using formula (10) and the remainder using formula (15). 
A table of the zeros of the Legendre Polynomials up to n = 40 is given 
here. The values up to and including n = 7 were computed by three 
British graduate students in 1873 and have been taken from the Report of 
the British Association for the Advancement of Science, 1879, pp. 49-57. 
The zeros from n = 7 ton= 25 were computed in 1934 by Dr. Archie 
Higdon. He used a method based on some theorems by Sturm similar to 
the method used by the author in the computation of the zeros of the 
Hermitian polynomials8 • The remainder of the zeros were computed using 
the formulas of this paper. 
For each value of n the values have been checked by comparing the 
n(n -1) 
sum of their squares with . 
2 (2n -1) 
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n=l n=2 n=3 n=4 n=5 
.000000 .577350 .000000 .339981 .000000 
.774597 .861136 .538469 
.906180 
n = 6 n=7 n=8 n=9 n=lO 
.238619 .000000 .183435 .000000 .148874 
.661209 .405845 .525533 .324253 .433395 
.932470 .741531 .796666 .613371 .679410 
.949108 .960290 .836031 .865063 
.968160 .973907 
•Davis, H. T., and W. J. Kirkham. A new table of the zeros of the Bessel func-
tions, Bull. Amer. Math. Soc. 33: 760-772. (1927). 
• American Math. Monthly, 43: 354-358 (1936). 
ZEROS OF THE LEGENDRE POLYNOMIALS 273 
n=ll n=12 n=13 n=14 n=15 
.000000 .125233 .000000 .108055 .000000 
.269543 .367832 .230458 .319112 .201194 
.519095 .587318 .448493 .515249 .394151 
.730152 .769903 .642349 .687293 .570972 
.887063 .904117 .801578 .827202 .724418 
.978229 .981561 .917598 .928435 .848207 
.984183 .986284 .937273 
.987993 
n=16 n=17 n=l8 n=l9 n=20 
.095012 .000000 .084775 .000000 .076527 
.281605 .178484 .251886 .160359 .227786 
.458017 .351232 .411751 .316564 .373706 
.617876 .512691 .559771 .464571 .510867 
.755404 .657671 .691687 .600545 .636054 
.865631 .781514 .803705 .720966 .746332 
.944575 .880239 .892603 .822715 .839117 
.989401 .950676 .955824 .903156 .912235 
.990575 .991565 .960208 .963972 
.992407 .993129 
n=21 n=22 n=23 'n=24 n=25 
.000000 .069739 .000000 .064057 .000000 
.145562 .207860 .133257 .191119 .122865 
.288021 .341936 .264136 .315043 .243867 
.424342 .469356 .390301 .433794 .361172 
.551619 .587640 .509502 .545421 .473003 
.667139 .694487 .619610 .648094 .577663 
.768440 .787817 .718661 .740124 .673566 
.853363 .865812 .804888 .820002 .759259 
.920100 .926957 .876752 .886415 .833443 
.967227 .970061 .932971 .938275 .894992 
.993752 .994295 .972542 .974729 .942975 
.994769 .995187 .976664 
.995557 
n=26 n = 27 n=28 n=29 n=30 
.059230 .000000 .055079 .000000 .051472 
.176859 .113973 .164569 .106278 .153870 
.292005 .226459 .272062 .211352 .254637 
.403052 .335994 .376252 .314032 .352705 
.508441 .441148 .475874 .413153 .447034 
.606692 .540552 .569720 .507593 .536624 
.696427 .632908 .656651 .596282 .620526 
.776386 .717013 .735611 .678215 .697850 
.845446 .791772 .805641 .752463 .767777 
.902638 .856208 .865892 .818185 .829566 
.947159 .909482 .915633 .874638 .882560 
.978385 .950901 .954259 .921180 .926200 
.995886 .979923 .981303 .957286 .960022 
.996179 .996442 .982545 .983668 
.996679 .996893 
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n=31 n=32 n=33 n=34 n=35 
.000000 .048308 .000000 .045510 .000000 
.099555 .144472 .093631 .136152 .088371 
.198121 .239287 .186439 .225667 .176051 
.294718 .331869 .277609 .313311 .262353 
.388386 .421351 .366339 .398359 .346602 
.478194 .506900 .451850 .480106 .428138 
.563249 .587716 .533390 .557876 .506323 
.642707 .. 663044 .610242 .631022 .580545 
.715777 .732182 .681732 .698939 .650224 
.781733 .794484 .747231 .761065 .714814 
.839920 .849368 .806162 .816884 .773810 
.889760 .896321 .858010 .865935 .826750 
.930757 .934906 .902317 .907810 .873219 
.962504 .964762 .938694 .942162 .912854 
.984686 .985612 .966823 .968708 .945345 
.997087 .997264 .986456 .987228 .970438 
.997425 .997572 .987936 
.997707 
n=36 n=37 n=38 n=39 n=40 
.043018 .000000 .040785 .000000 .038772 
.128736 .083670 .122084 .079444 .116084 
.213501 .166754 .202570 .158385 .192698 
.296685 .248668 .281709 .236326 .268152 
.377673 .328837 .358972 .312772 .341994 
.455864 .406701 .433848 .387240 .413779 
.530680 .481711 .505835 .459261 .483076 
.601568 .553341 .574456 .528377 .549467 
.668001 .621093 .639255 .594153 .612554 
.729489 .684486 .699799 .656173 .671957 
.785576 .743079 .755686 .714044 .727318 
.835847 .796459 .806544 .767401 .778306 
.879930 .844253 .852035 .815906 .824612 
.917498 .886125 .891856 .859253 .865960 
.948273 .921781 .925741 .897167 .902099 
.972028 .950972 .953466 .929409 .932813 
.988586 .973493 .974846 .955775 .957917 
.997830 .989186 .989739 .976099 .977260 
.997945 .998050 .990252 .990726 
.998147 .998238 
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The reactions involved in fermentative processes are often obscured 
by the highly reactive state of the intermediary molecules occurring dur-
ing the course of the dissimilation. As shown by the writers in a previous 
paper (1937) , the addition of reagents which partially inhibit some of the 
enzymatic reactions in the butyl-isopropyl alcohol fermentation, leads to 
the accumulation of measurable quantities of intermediary products. 
This paper deals with the dissimilation of intermediary substances in 
the butyl alcohol-isopropyl alcohol fermentation (Clostridium butylicum) 
when added to fermenting glucose media and the fermentation is allowed 
to proceed. Such data serve in formulating the reactions involved in the 
dissimilation of glucose by Clostridium butylicum. 
The occurrence of a series of reactions in the dissimilation of carbo-
hydrates by microorganisms seems well established. The butyl alcohol-
acetonic fermentation has been the subject of many investigations and a 
series of reactions has been formulated to account for the end products 
from glucose. Suggestions that acetaldehyde plays an important role in 
the formation of 4-carbon compounds have been made by Pasteur (1862), 
Fitz (1876-82), Buchner and Meisenheimer (1908), and Neuberg and 
Arinstein (1921). Apparently these suggestions were based, for the most 
part, on catalytic-organic reactions such as those studied by Schade 
Strong H2S04 
(1907), C6H 1206 --~ CH3CHOHCOOH --~ CH3CHO + HCOOH 
KOH 
--~ CH3CH20H + C02; Hoppe-Seyler (1878) , who obtained lactic 
acid by heating glycerol with strong potassium hydroxide solution; Du-
claux (1887), who showed that, in the presence of mercuric salts, sun-
light converted calcium lactate into butyric acid, and Makowka (1908), 
who obtained a quantitative yield of butyric acid by heating palladium-
acetylene with potassium hydroxide. According to Buchner and Meisen-
heimer (1908) , working with fermentations, this last reaction can pro-
ceed only through the intermediate stages of aldol or of crotonaldehyde. 
Working with Bacillus butylicus (Fitz) Buchner and Meisenheimer 
(1908) obtained the following results: 
1 Journal paper No. J-503 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 572. Supported in part by Industrial Science Research Funds of 
Iowa State College. 
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Butyl Ethyl Carbon Hydro- Formic 
Buty-
ric Acetic Lactic 
100 'gins. Ale. Ale. Diox. gen acid acid acid acid 
Glycerol 19.6 10.4 42.1 1.9 4.0 0.7 1.0 3.4 
Glucose 0.7 2.8 48.1 1.6 3.4 26.0 7.5 10.0 
Basing their conclusions on the end products of these two fermenta-
tions, Buchner and Meisenheimer proposed the following reactions: 
C6H120s CHaCHOHCOOH 2CH3CHO + 2 HCOOH 
{--~ CH3CH2CH2COOH 2CHaCHO ----+ CHaCHOHCH2CHO CH3CH2CH: CHCHO 
( crotonic aldehyde) 
+4H 
----+ CHaCH2CH2CH20H 
HCOOH C02 + H2 
Reilly et al (1920) and Speakman (1920-23) showed that production 
of alcohols and acetone (acetone had not been found among fermentation 
products at the time of Buchner and Meisenheimer) was preceded by 
formation of butyric and acetic acids. As the neutral products were 
formed the concentration of the acids decreased. Acetic and butyric acids 
added to the fermentations were converted respectively into acetone and 
butyl alcohol. 
Donker (1926) and van der Lek (1930) summarized earlier work and 
proposed reactions for the complete fermentation. The reactions are 
briefly: glucose is converted into methylglyoxal; methylglyoxal is hy-
drated and split into formic acid and acetaldehyde; acetic acid is formed 
by the hydration of acetaldehyde and removal of 2H; acetaldehyde con-
denses to aldol and is converted into butyric acid and butyl alcohol, as 
shown by Buchner and Meisenheimer reactions in the foregoing para-
graphs; acetone and isopropyl alcohol are formed from acetic acid through 
the intermediary formation of acetoacetic acid. 
The investigation of van der Lek (1930) on the production of butyl 
and isopropyl alcohols, is the only work of a quantitative nature. Lang-
lykke and Fred (1937) found: (1) the formation of isopropyl alcohol was 
preceded by accumulation of acetone in solution, (2) the addition of 
pyruvic acid to fermenting glucose increased the yields of normal fermen-
tation products and (3) acetaldehyde was converted to ethyl alcohol. 
In the experimental data, which follows, the cultural and analytical 
methods are the same as those used in former work (1937) . 
EXPERIMENTAL 
DESCRIPTION OF THE ORGANISM 
No complete description of the organism used in this investigation 
has appeared in the literature. The culture is a transplant of one pre-
pared by Beijerinck (1893) in his laboratory in Delft and later recovered 
by Prof. Kluyver and used by van der Lek (1930). The tube had lain for 
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approximately 38 years before the dried spore material was revived. The 
authors thank Prof. Kluyver for a transplant. 
Name: Clostridium butylicum (Beijerinck) Donker. 
Synonyms: Granulobacter butylicum (Beijerinck). 
Clostridium americanum (Pringsheim) . 
Source: Cereal mashes. 
Morphology. Medium: Four per cent corn mash containing potato 
extract. Age of culture, 24 hours. Temperature of incubation, 37° C. 
Form: rods, 2 to 5 microns long, 0.7 to 1.5 microns in width. Arrange-
ment: single, pairs, chains. Ends: rounded. Spores: present, abundant 
in old cultures. Granulose in young cells. Zoogloea formed in unfavor-
able media. 
Cultural characteristics: Colony. Malt extract-gelatin agar; deep 
colonies rounded, white to yellow; surface growth spreading. Optimal 
temperature 37° C. Obligate anaerobe. Peritrichous flagella. Gram 
positive in young cultures; may be gram negative in old cultures. 
Biochemical reactions: Indol negative. Do not assimilate peptone in 
absence of carbohydrates. Catalase negative. Nitrates not reduced to 
nitrites. Hydrogen sulphide formed from sulphites, thiosulphates and 
oatmeal. Acetyl-methyl-carbinol not present. Gelatin not liquefied. Am-
monium salts not utilized. 
Dissimilation of carbohydrates: Acid and gas from glucose, lactose, 
maltose, sucrose, xylose, levulose, galactose, melibiose, trehalose, amyg-
dalin, dextrin, starch, esculin, inositol, inulin, salicin, glycogen, dimethyl-
glucoside, cellobiose, arabinose, raffinose, melezitose, rhamnose. 
No acid or gas from pectin, mannitol, adonitol, dulcitol, erythritol, 
sorbitol, glycerol or sodium lactate. 
Final products: Butyl alcohol, isopropyl alcohol, carbon dioxide, 
hydrogen, small amounts of butyric and acetic acids; may be traces of 
formic acid and acetone. 
TABLE 1. Fermentati0'1t of glucose in 2 per cent solution; 0.7 per cent peptone; 0.2 per 
cent yeast extract; 0.1 per cent di-potassium phosphate. Products expressed in 
millimoles per 100 millimoles of glucose fermented 
I 
. 
Products per 100 mM. of glucose 
Glucose Iso- Carbon Red ox 
fer- Butyl propyl Ethyl Butyric Acetic C02 H2 recov- index* 
mented alcohol alcohol alcohol acid acid ered 
mM. mM. mM. mM. mM. mM. mM. mM. pctg' 
100 57.6 15.1 2.9 15.1 9.1 166.5 75.8 87.0 .86 
100 66.6 15.1 0 6.1 21.2 197.0 72.7 95.0 1.02 
100 58.6 12.1 0 17.2 17.2 203.5 77.6 96.3 1.06 
100 54.6 15.1 2.9 18.2 12.1 200.0 121.2 93.5 .93 
100 65.5 13.8 2.3 13.8 10.3 189.5 86.2 95.6 .90 
•cf. Erb, Wood and Werkman, J. Bact. 31, 595 (1936). 
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DISSIMILATION OF GLUCOSE 
Data for the fermentation of glucose in 2 per cent solution (0.7 per cent 
peptone, 0.2 per cent yeast extract and 0.1 per cent K 2HP04) are given 
in table 1. The results are given in millimoles of products formed per 100 
millimoles of glucose fermented for comparative purposes. These ex-
periments were not carried out at the same time and unintentional changes 
in environmental conditions probably account for the varying yields of 
products. Addition of intermediary substances in large quantities to fer-
menting glucose imposes a significant change in environmental conditions, 
and in such experiments wide variations in yields of products are to be 
expected. High yields of acids are obtained obviously at the expense of 
the alcohol and it is necessary to consider both the alcohols and acids pro-
duced in interpreting the experiments given below. 
Fermentation of acetic and butyric acids. Low concentrations of free 
unbuffered acid are toxic to Cl. butylicum. Addition of the sodium or cal-
cium salts of the acids led to recovery of acid salt t:?quivalent, though not 
necessarily identical, to the salt added. In solutions buffered with di-
potassium ph,.osphate, free acids can be present in significant quantities 
without inhibiting growth. In figure 1, curve IV was obtanied by titrating 
20 cc. of 1 M di-potassium phosphate with 1 N hydrochloric acid. Curves I 
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Fig. 1. Titration curves of acids 
TABLE 2. Fermentation of acetic and butyric acids in presence of glucose 
Acid added Production in mM. per 100 mM. of glucose pH 
Glucose per 100 mM. Iso- Buty- K2PO, Carbon 
fer- of glucose Butyl propyl ric Acetic Carbon Hydro- added recov- Red ox 
No. mented Acetic Butyric alcohol alcohol acid acid dioxide gen cc.lM Initial Final ered index 
mM. mM. mM. pctg. 
1 100 0 0 50.2 18.0 14.5 20.3 207.0 111.0 0 6.9 4.3 90.4 1.05 
2 100 0 0 54.1 18.0 15.5 12.9 222.0 107.0 0 6.9 4.3 96.2 1.08 
3 100 0 38.5 71.2 25.7 7.7 30.9 223.5 82.2 33.4 5.4 5.5 90.0 1.14 
4 100 0 64.3 86.8 29.6 9.6 38.6 241.0 ........ 55.0 5.1 5.4 . 93.0 ........ 
5 100 0 41.5 70.6 22.7 22.2 38.7 227.0 104.2 55.5 6.3 5.4 97.5 1.36 
6 100 43.2 0 47.2 48.0 12.5 12.0 233.0 74.5 36.0 5.5 6.3 93.4 1.30 
7 100 65.3 0 54.1 47.8 12.0 20.3 214.0 ........ 45.0 5.0 5.7 90.6 ........ 
8 100 65.3 0 56.4 49.6 6.8 11.7 219.0 ........ 45.0 5.0 6.4 88.3 ........ 
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TABLE 3. Fermentation of pyruvic acid by Cl. butylicum 
1 2 3 
Pyruvic acid added mM. 27.0 40.0 34.0 
Pyruvic acid fermented mM. 26.0 40.0 32.0 
Acetic acid mM. 10.5 20.4 20.0 
Butyric acid mM. 7.0 7.5 6.0 
Carbon dioxide mM. 25.7 41.5 32.5 
Hydrogen mM. 5.4 11.7 9.5 
Carbon recovered percentage 94.5 93.5 100.5 
and II were obtained by titrating 20 cc. of the phosphate with 1 N acetic 
and butyric acids, respectively. With a given quantity of phosphate pres-
ent, acetic or butyric acid in excess of that required to bring the mixture 
to pH 6.3 will exist in solution as free acid, and as such will be subject to 
fermentation. 
Experiments in which acetic and butyric acids were added to fer-
menting glucose in solutions buffered with di-potassium phosphate are 
shown in table 2. Results of fermentations were calculated to a common 
basis of compounds added and products formed per 100 millimoles of 
glucose fermented. Experiments 1 and 2 are controls. The addition of 
butyric acid in experiments 3 and 5 gave an increase in the yield of both 
butyl and isopropyl alcohols. An increased quantity of acetic acid was 
also formed in each flask. The greater yields of isopropyl alcohol and of 
acetic acid indicate a shifting of the reactions in such manner that more 
than the normal quantities of 2-carbon compounds were produced from 
glucose, and not the conversion of butyric acid into acetic acid. No bio-
chemical reactions are known for the latter conversion. Experiments 6 
to 8 show an increase of approximately 30 millimoles of isopropyl alcohol 
in each experiment. Since two molecules of acetic acid are required to 
produce one molecule of isopropyl alcohol it is evident that complete con-
version of acetic acid to alcohol has occurred. 
Fermentation of pyruvic acid. Table 3 shows results for the fermenta-
tion of pyruvic acid. 
In experiment 1, 27 millimoles of calcium pyruvate in 200 cc. of 
solution were fermented by a cell suspension of Cl. butylicum. The organ-
isms had been grown in 12 liters of 2 per cent peptone broth for 24 hours 
and separated by the supercentrifuge. No nitrogen source was added to 
the pyruvate solution. 
The formation of hydrogen equivalent to half of the acetic acid indi-
cates that a salt of formic acid was formed which, under the conditions 
of these experiments, gave one-half molecule H2 for each formate mole-
cule formed. If pyruvic acid had been decarboxylated to form acetalde-
hyde, and aldehyde had been converted into acetic acid, the reactions 
would be: 
--~ CH3CHO + C02 CH3COCOOH 
CH8CHO+H20 
2CH3CHO 
--~ CHaCH (OH) 2 --~ CH3COOH -1- H2 
---4 CH3CHOHCH2CHO CH3CH2CH2COOH 
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Under these conditions the millimoles of hydrogen formed should 
equal the millimoles of acetic acid, and there would be 10.5 H 2 in experi-
ment 1 of table 3. The sodium salt of pyruvic acid was used in experiment 
2, and in experiment 3, a calcium pyruvate medium in the presence of 
peptone was inoculated and fermented in the same manner as glucose 
solutions. In all of these experiments the hydrogen was equal to approxi-
mately one-half of the acetic acid formed. All of these experiments show 
that pyruvic acid was converted into mixtures of acetic and butyric acids. 
Since the acids all existed as salts, there was no further conversion into 
alcohols. 
Fermentation of pyruvic acid in presence of fermenting glucose. Ex-
periments in table 4 show that pyruvic acid was converted into 2- and 4-
carbon compounds in about equal proportions. Calcium pyruvate was 
added to experiments 2 and 3, and as was to be expected, relatively large 
yields of volatile acids were obtained. Under the headings A and B, the 
calculated millimoles of 4- and 2-carbon compounds are given and it is 
evident that, with one exception, the ratios of 4- to 2-carbon compounds 
were not greatly altered by the addition of pyruvic acid. To experiments 
4 and 5 pyruvic acid and di-potassium phosphate (see footnotes 2 and 3 
to table 4) were added. Curve III of figure 1 shows that pyruvic acid 
cannot be buffered with di-potassium phosphate. If, as is shown by table 
4, the pyruvic acid salt is converted into mixtures of acetic and butyric 
acids, these two acids will be buffered slightly by the amounts of phos-
phate present. More alcohols and less volatile acids should be formed in 
experiments 4 and 5 than in 2 and 3, but less alcohol and more acid in 
both cases than in experiment 1 of table 4, which was found to be true. 
The experiments in tables 3 and 4 show conclusively that pyruvic acid is 
converted into both 2- and 4-carbon compounds. 
Fermentation of acetaldehyde in presence of fermenting glucose. If 
TABLE 4. Fermentation of pyruvic acid in presence of glucose. Products expressed in 
millimoles 
1 2 
15mM.1 
Pyruvic 
Control acid 
Glucose fermented mM. 36 36.4 
Butyl alcohol 22.6 16.4 
Isopropyl alcohol 8.5 5.0 
Acetic acid 4.0 10.2 
Butyric acid 3.0 13.0 
B 25.6 29.1 
A 21.0 20.2 
Carbon dioxide 72.0 92.0 
Hydrogen 36.0 37.0 
Final pH 4.9 4.4 
Carbon recovered percentage 95.4 93.0 
1 Calcium pyruvate added. 
1 15 cc. 1 M pyruvic acid +16.8 cc. 1 M K.Po .. 
' 20 cc. 1 M pyruvic acid + 22.6 cc. 1 M K,PO .. 
3 4 5 
20mM.1 15mM.' 20mM.3 
Pyruvic Pyruvic Pyruvic 
acid acid acid 
38.3 38.3 35.0 
16.1 20.8 20.0 
4.9 8.2 7.0 
9.0 8.0 10.0 
19.0 8.0 6.0 
35.1 28.8 26.0 
18.8 24.4 24.0 
94.0 91.0 100.0 
40.1 33.5 37.0 
4.9 6.0 5.5 
92.0 92.0 90.8 
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TABLE 5. Fermerritaticm uf aceta.ldehyde in presence of glucose. Substrates and 
products in millimoles 
Control 1 2 3 4 
Glucose fermented 32.8 36.6 35.6 26.4 
Acetaldehyde fermented• 0.0 10.0 7.0 8.75 
Butyl alcohol 18.5 15.0 17.8 15.0 
Ethyl alcohol 0.8 7.5 6.5 7.0 
Isopropyl alcohol 5.5 10.5 2.0 3.3 
Acetic acid 3.3 4.3 5.0 3.0 
Butyric acid 3.3 2.3 4.5 5.7 
Acetylmethy lcarbinol absent 0.5 trace trace 
2, 3-Butyleneglycol absent 1.0 absent absent 
Carbon dioxide 74.0 80.0 65.0 62.0 
Hydrogen 34.8 30.0 27.0 26.6 
• 10 mM. aldehyde added to each of last three experiments. 
the reactions of fermentation are as postulated by former workers, it 
seems that acetaldehyde should give mixtures of isopropyl and butyl 
alcohols when added to glucose fermentations. Table 5 shows that acetal-
dehyde was converted almost quantitatively into ethyl alcohol. Small 
quantities of acetylmethylcarbinol and of 2, 3-butylenegylcol were also 
formed. 
Fermentation of acetone in presence of fermenting glucose. The addi-
tion of 15.6 millimoles of acetone to experiments 2 and 3 in table 6 shows 
its conversion into isopropyl alcohol. There was no corresponding de-
crease in molecular hydrogen. The smaller yields of butyl alcohol may 
account for the hydrogen consumed in converting the acetone into iso-
propyl alcohol. 
Acetoacetic acid was prepared from the ethyl ester by hydrolysis with 
potash. In one experiment the acetoacetic acid was converted into iso-
propyl alcohol when added to fermenting glucose solution. 
Lactic acid was not fermented by CZ. butylicum under any conditions 
tried. When it was added to fermenting glucose an equivalent quantity 
of lactic acid was always recovered. 
DISCUSSION 
It is to be understood that interpretation of the data in this paper is 
affected by the possibility that addition of reagents to fermenting glucose 
solutions may have altered the normal course of the fermentation. The 
isolation of methylglyoxal and the accumulation of lactic acid in large 
quantities in the presence of sodium bicarbonate indicate (1937) the 
existence of methylglyoxal as an intermediary compound under the con-
ditions imposed. Failure of the organisms to ferment lactic acid must 
mean that the lactic acid arose from the methylglyoxal because of the 
environmental conditions imposed by the bicarbonate, and that normally 
the reactions do not proceed through a lactic acid stage. Formation of 
acetic and butyric acids or of butyl and isopropyl alcohols from pyruvic 
acid does not necessarily mean that pyruvic acid is an intermediary prod-
uct in the formation of these substances from glucose: that pyruvic acid 
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is not excluded as an intermediate, however, deserves consideration. In 
contrast, some attempts failed completely when effort was made to isolate 
acetaldehyde from fermenting glucose and the quantitative formation of 
products from acetaldehyde which are not produced in significant quanti-
ties from glucose. If acetaldehyde had played an important intermediary 
role in the formation of 4-carbon compounds there would have been an 
increase in such compounds shown in table 5. 
Decarboxylation of pyruvic acid to form acetaldehyde, with subse-
quent conversion of the aldehyde to ethyl alcohol, can account for the 
small quantities of ethyl alcohol produced in butyl-isopropyl acohol 
fermentations. 
Reactions indicated in the butyl-isopropyl alcohol fermentation are: 
CH3COCHO + H20 __ _,. CH3COCOOH + 2H (or H2) 
CH3COCOOH + H 20 CH3COOH + HCOOH 
HCOOH H2 + C02 
2CH3COCOOH __ _,. CHaCH2CH2COOH + 2C02 
2CH3COOH ----. CH3COCH2COOH --~ CHaCOCHa + C02 
CH3COCH3 + 2H CHaCHOHCHa 
CH3CH2CH2COOH + 4H CHaCH2CH2CH20H + H20 
CH3COCOOH - - --. CH3CHO + C02 
CH3CHO + 2H CHaCH20H 
Formation of butyric acid from two molecules of pyruvic acid through 
the intermediary stage of pyruvic acid aldol has been discussed by Neu-
berg and Arinstein (1921). 
SUMMARY 
Normal end products of the butyl-isopropyl alcohol fermentation are 
butyl and isopropyl alcohols, carbon dioxide, hydrogen, and small amounts 
of butyric and acetic acids and ethyl alcohol. 
TABLE 6. Fermentaticm of acetone in presence of glucose. Substrates and products in 
millimoles 
Control 1 2 I 3 
Glucose fermented 38.8 36.2 37.0 
Acetone added 0 15.6 15.6 
Acetone fermented 
········ 
13.9 12.0 
Butyl alcohol 24.6 18.4 20.0 
Isopropyl alcohol 7.6 22.5 21.5 
Acetic acid 3.5 5.0 7.0 
Butyric acid 4.0 4.0 7.5 
Carbon dioxide 84.4 82.5 83.7 
Hydrogen 32.2 29.3 30.5 
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Butyric acid added to fermenting glucose is reduced to butyl alcohol. 
Presence of butyric acid in fermenting glucose solutions has a pronounced 
effect on the course of the fermentation reactions, leading to high yields of 
isopropyl alcohol from glucose. 
Acetic acid is converted into isopropyl alcohol. Addition of acetic 
acid did not affect the yields of butyl alcohol. 
Acetaldehyde was converted into ethyl alcohol, with traces of ace-
tylmethylcarbinol and 2, 3-butyleneglycol. 
Acetone was converted into isopropyl alcohol. Lactic acid was not 
fermented under any conditions. 
Pyruvic acid was converted to butyl and isopropyl alcohols when 
added to fermenting glucose. When fermented alone the sodium or 
calcium salt of pyruvic acid yielded a mixture of acetic and butyric acids. 
Chemical reactions suggested by the data obtained are given. 
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High molecular weight fatty acid deriva-
tives, 121. 
Holcus sorghum, development of vascular 
tissues and initiation of the inflores-
cence, 217. 
H. sorghum, tissues of stem, origin, and 
cellular structure of, sequence of dif-
ferentiation, 218. 
Hydrogenation, catalytic, of furfural, 142. 
Hydrosere, plant formations, of North-
eastern Iowa, 375. 
Hygroscopicity as a factor in the thermal 
conductivity of loose-fill insulators, 475. 
Impermeability of Leguminosae seed, 5. 
Inflorescence, initiation of, in Ho!cus 
Sorghum, 217. 
Influence of the phosphate-calcium ratio 
and of humates of iron on chlorosis in 
Lemna, The, 151. 
Influence of the ration on mortality from 
caecal Coccidiosis in chicks, The, 405. 
Insectivora (order) , of Iowa, 50. 
Insulators, loose-fill, thermal conductiv-
ity of, 475. 
Integro-differential equation, solution of, 
455. 
Interesting Texas cucurbit, C'UC'Urbita 
pepo, L. var. ovifera Alef. (C. texana, 
Gray), An, 253. 
Iodo-carboxy-lignin, 207. 
Iowa, flora of northeastern counties in, 
321. 
Iowa, mammals of, 43. 
Iowa, Phyllophaga of, 161. 
Iowa, Thysanoptera of, 104. 
Iowa, winter survivals of ring-necked 
pheasant in Northern, 285. 
Jerusalem artichoke, butyl-acetonic fer-
mentation of, 170. 
Keratin, wool, oxidation, reduction and 
hydrolysis of, 106. 
Labiatae, of Northeastern Iowa, 364. 
Lagomorpha (order) of Iowa, 81. 
Legendre polynomials, zeros of, 263. 
Leguminosae, of Northeastern Iowa, 352. 
Leguminosae, seed, impermeability and 
viability of, 5. 
Lemna, chlorosis in, 151. 
Lespedeza capitata, seed germination tests 
of, 9. 
L. virginica, seed, germination tests of, 
9. 
Li atom, ground state of, 37. 
Lignin, ammonia, preparation of, 205. 
Lignin, fractionation of, 115. 
Lignin, oat hull, fractionation of, 205. 
Litopyllus ambignus, n. sp., 235. 
Loads, buckling, for edge loaded clamped 
plates, 315. 
Logarithmic sector and a slit for use in 
spectographic analysis, A, 451. 
Loose-fill thermal insulation, 481. 
Mammals of Iowa, 43. 
Marsupialia (order), of Iowa, 50. 
Methoxyl content of lignin, 207. 
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Microdetermination of diacetyl, colori-
metric method for, 385. 
Middlings, wheat flour, assay of, 212. 
Molecular weight fatty acid derivatives, 
121. 
Molecules, colored, 167. 
Morphological features associated with 
impotency of apple pollen, 397. 
Morphology of the Genitalia, 127. 
Mortality, in chicks, from caecal coccidi-
osis, 405. 
Musci, of Northeastern Iowa, 324. 
Nervous system, description of, in Can-
thon laevis, 461. 
Nitrogenous substances, influence of on 
production of "solvents" in corn mash, 
250. 
Norfolk sand, organic matter in, 101. 
Notes on North American spiders of the 
families Gnaphosidae, Anyphaenidae, 
and Clubionidae, 227. 
Notes on the internal anatomy of Canthon 
laevis Drury, 461. 
Oat hull lignin, fractionation of, 115, 205. 
Occurrence of phosphoglyceric acid in the 
bacterial dissimilation of glucose, The, 
}58. 
Oenothera perennis, new species, in Iowa, 
359, 379. 
Organoalkali compounds, relative reac-
tivities of, 177. 
Organometallic compounds, addition of, 
to conjugated systems, 137. 
Organometallic compounds, relative re-
activities of, 145. 
Oxidation, reduction and hydrolysis of 
wool keratin, 106. 
Oxidative degradation of silk, II, 1. 
Permanganate, aqueous and acidic, 3. 
Phalaenidae of Mississippi-morphology 
of the Genitalia, The, 127. 
Phasianus colchicus torqua.tus Gmelin, 
food and cover relationship in the win-
ter survival of, 285. 
Pheasant, ring-necked, winter survival 
of, in Northern Iowa, 285. 
Phenothiazine derivatives, 164. 
Phosphate-calcium ratio, influence of, in 
Lemna, 151. 
Phosphoglyceric acid, occurrence of, in 
bacterial dissimilation of glucose, 158. 
Phyllophaga (Coleoptera: Scababaeidae), 
certain studies on, in Iowa, 161. 
Piezo-electric oscillations of quartz plates, 
173. 
Plate, clamped square, stability of, 315. 
Plate loading, effects of, 457. 
Plate, thin, equilibrium of a, 455. 
Pollen, impotency of, in Winesap apple, 
397. 
Polynomials, legendre, zeros of, 263. 
Polynomials, zeros of a class of, associated 
with Bateman's K-function, 471. 
Propagation, methods of, of legumes, 5. 
Pteredophyta, of Northeastern Iowa, 326. 
Pursuitmeter test, in driving ability, 419. 
Quartz plates, piezo-electric oscillations 
of, 173. 
Ration, influence of, on mortality from 
caecal coccidiosis in chicks, 405. 
Reactions, of driver of automobile, 415. 
Reactivities, relative, of organometallic 
compounds, 145. 
Rearrangement in the furan series, 123. 
Reduction of furan compounds and bio-
logical studies of the products of re-
duction, The, 108. 
Relative reactivities of organoalkali com-
pounds, 177. 
Relative reactivities of some organo-
metallic compounds, 145. 
Report of some recent studies on species 
of Gasterophilus occurring in horses in 
the United States, A, 181. 
Robinia pseudacacia, seed germination 
tests of, 9. 
Rodentia (order), of Iowa, 67. 
Rosaceae, of Northeastern Iowa, 350. 
Rye, assay of whole, 211. 
Sand, Norfolk, 101. 
Sector, logarthmic, for use in spectro-
graphic analysis, 451. 
Seed, germination, and treatment, 30. 
Seed, germination of, Leguminosae, 9. 
Seed, legume, treatment of, 13. 
Seed impermeability and viability of na-
tive and introduced species of Legumi-
nosae, 5. 
Silk, analysis of, 3. 
Silk, oxidative degradation of, 1. 
Some applications of thermionic vacuum 
tubes in physical chemistry, 134. 
Some physiological properties of benzo-
furan and dibenzofuran derivatives, 155. 
Sosticus projectus, n. sp., 236. 
Soy bean meal, assay of, 214. 
Spectrographic analysis, logarithmic sec-
tor and slit, for use in, 451. 
Spiders, notes on North American, 227. 
Spiders, North American, new species re-
ported, 227. 
Strophostyles helvola (L.) Britton, its 
habits and probable value on eroded 
areas, 25. 
S. helvola, seed germination tests of, 9. 
Studies of certain phases of the biology of 
the chinch bug, Blissus leucQ])terus 
(Say), under conditions of constant 
temperature and constant relative hu-
midity, 132. 
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Study of piezo-electric oscillations of 
quartz plates, A, 173. 
Subgrade, effects of, on equilibrium of a 
thin plate, 457. 
Systematic list of flora of Northeastern 
Iowa, 324. 
Synthesis of certain furan and difuryl 
derivatives, 111. 
Tapetal tissue, in apple, 401. 
Technic, Burri smear culture, 442. 
Texas cucurbit, description of a, 253. 
Thermal conductivity of loose-fill insu-
lators, 475. 
Thermionic vacuum tubes, applications of, 
in chemistry, 134. 
Thysanoptera of Iowa, 104. 
Trailing wild bean ( Strophostyles hel-
vola), habits of, and influence on eroded 
areas, 25. 
Treatment of seed of legumes, 13. 
Umbelliferea, of Northeastern Iowa, 359. 
Vascular tissues, development of, in 
Holcus sorghum, 217. 
Viability of Leguminosae seed, 5. 
Wheat bran, assay of, 212. 
Wheat, effect of fumigation of, on amylase 
content, 467. 
Wheat flour middlings, assay of, 212. 
Winter survival of ring-necked pheasant 
in Northern Iowa, 285. 
W oodsia scopulina, new species in Iowa, 
328, 379. 
Wool keratin, change in composition of, 
106. 
Yeast, effect of stimulants on growth of, 
140. 
Zelotes pullatus, n. sp., 237. 
Zeros of a class of polynomials associated 
with Bateman's K-function, 471. 
Zeros of the legendre polynomials, 263. 
Zerosere, plant formations, of Northeast-
ern Iowa, 376. 
